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For MORE THAN 200 YEARS, consideration of 
variations in the source of major vessels and 
in their derived branches has engaged the 
attention of anatomists. As early as 1753, 
Albrecht von Haller, the Swiss anatomist, 
botanist, and poet, studied the arteries of the 
hand, to include the superficial and deep 
arciform anastomoses of radial and ulnar 
vessels. A century ago Tiedemann and 
Quain described notable variations in man- 
ual arterial supply. Differences in pattern 
were explained on a developmental basis by 
von Meyer, and later by Singer. 

The general field of investigation was 
broadened 50 years ago by Manners-Smith, 
who made a comparative study of the arteries 
of the hand in primates which led to the 
conclusion that many of the variations noted 
in man represent a retention or reappear- 
ance of primitive patterns. Tandler inves- 
tigated the arteries of the thumb and index 
finger in man and, finding discrepancies in 
contemporary texts, reclassified these vessels. 

Jaschtschinski studied the superficial and 
deep volar arches of the palm in man, mak- 
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ing a statistical classification of the varia- 
tions of the superficial volar arch. Adachi 
similarly classified the arteries in the Jap- 
anese. Fracassi studied the arteries of the 
hand roentgenographically and reported 
findings at variance with many standard 
textbooks: 

Most of the current descriptions note the 
variations in the arteries of the hand, but 
few emphasize the frequency with which 
these deviations occur. It is hoped that this 
study can contribute toward a better under- 
standing of the anatomy of these vessels. 


MATERIALS AND METHODS 


The present report is based on an analysis 
of 650 dissections carried out in the labora- 
tory of gross anatomy. Sketches of the vessels 
were made at progressive stages in the dis- 
section. From these records the arteries were 
classified under seven headings, as follows: 
(1) superficial volar arch; (2) branches 
thereof; (3) deep volar arch; (4) its branches; 
(5) perforating arteries; (6) dorsal carpal 
rete; and (7) the dorsal metacarpal arteries. 

In some instances, portions of certain 
specimens were unsuitable for appraisal, 
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having been either incompletely injected or 
inadvertently severed. Whenever such a 
specimen was encountered, the particular 
arterial group in question was discarded 
from consideration. Hence, although 650 
hands were studied, in some of the categories 
the number of specimens used statistically 
will be smaller than the inclusive total. 

Approximately 100 of the records on 650 
dissections were collected by Lindsay E. 
Beaton in the course of a study of the rela- 
tion of the vessels which pierce the palmar 
aponeurosis to the superficial arterial arch 
and its branches. 


OBSERVATIONS AND DISCUSSION 


Near the wrist the radial artery rests upon 
the flexor digitorum sublimis and the flexor 
pollicis longus, then upon the pronator 
quadratus. Just beyond the styloid process of 
the radius the artery courses to the back of 
the hand, covered by the tendons of the 
abductor pollicis longus and extensor pol- 
licis brevis (Figs. 1a to 2b). It then runs 
distalward beneath the tendon of the ex- 
tensor pollicis longus, passes between the 
basal portions of the metacarpal bones, 
through the first dorsal interosseous muscle 
into the palm. On the floor of the palm the 
artery ends in the deep volar arterial arch 
(Fig. 2a and b). 

The superficial volar ramus of the radial 
artery arises at the level of the styloid pro- 
cess of the radius; it runs distalward upon, 
or partly within, the abductor pollicis 
brevis, typically entering in the form of a 
curve, where it may join the superficial volar 
arterial arch (Fig. 1a). It gives off branches 
to the muscles and skin of the thumb. 

The ulnar artery courses along the volar 
margin of the flexor carpi ulnaris, between 
it and the flexor digitorum sublimis to the 
wrist. It is accompanied ulnarward for part 
of the way by the ulnar nerve (Fig. 1a) and 
rests upon the flexor digitorum profundus. In 
the hand the artery passes over the trans- 
verse carpal ligament, on the radial side of 
the pisiform bone, in the superficial volar 
arch (Fig. 1a). 


The deep volar ramus of the ulnar artery 
arises close to the pisiform bone, descends 
into the depth between the origins of the 
flexor digiti quinti brevis and abductor 
digiti quinti through the origin of the op- 
ponens digiti quinti, and helps to form the 
deep volar arterial arch (Fig. 2a and b). It 
gives off small branches to the muscles of 
the hypothenar eminence. From this branch, 
or from the stem of the ulnaris artery itself, 
the volar digital artery passes beneath the 
palmaris brevis upon the muscles of the 
hypothenar eminence—giving branches to 
these and to the skin—to the ulnar margin 
of the fifth finger. 

The superficial volar arch lies just be- 
neath the aponeurosis palmaris upon the 
tendons of the flexor digitorum sublimis; its 
convexity is directed distalward. It is formed 
chiefly by the termination of the ulnar ar- 
tery which unites usually with the delicate 
superficial volar ramus of the radial artery 
(Fig. 1a and b). It gives off small branches 
to the surrounding muscles and skin, as well 
as 3 common volar digital arteries that ex- 
tend distalward upon the second through 
the fourth lumbricalis, receive the volar 
metacarpals (II to IV), and divide at the 
metacarpophalangeal joint, each into 2 
proper volar digital arteries for the adjacent 
surfaces of the second through fifth fingers. 

The deep volar arch lies directly upon the 
proximal ends of the metacarpal bones and 
the interossei (Fig. 2a and b), covered by 
the tendons of all the flexors of the fingers 
and by the adductor pollicis (Fig. 2a). It 
forms a flatter curve than the superficial 
arch; its formation is generally described as 
being concerned chiefly with the termina- 
tion of the radial artery which anastomoses 
with the deep volar ramus of the ulnar arch. 
Proximalward it gives off branches to the 
rete carpi volare, and distalward 4 volar 
metacarpal arteries that run upon the in- 
terossei (Fig. 2b). The first is said to pass to 
the two margins of the thumb and to the 
radial margin of the index finger. The 
second, third, and fourth each may give off, 
close to its origin, a perforating ramus that 
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Fic. 2. Arteries of the volar surface of the hand; dissection carried to metacarpal and interosseous 
levels. Same specimen. a, Course of the radial and ulnar arteries into the depths of the palm, with 
part of the thenar musculature intact. b, Radial and ulnar arterial contributions to the deep arch 
and the volar metacarpal branches. The thenar muscles have been removed in order to demonstrate 
the relation of the radial artery to the first metacarpal bone. 


passes through the interossei to the corre- Persistent median artery. It is well known 
sponding dorsal metacarpal artery; close to _ that a persisting median artery may descend 
the heads of the metacarpal bones the ar- as far as the palm and enter into the forma- 
teries finally anastomose with the common tion of the superficial volar arterial arch. 
volar digital arteries. Jaschtschinski called this an atavistic char- 
acteristic because the median artery is nor- 
mally found in the palmar arch of certain 

The superficial volar arterial arch has lower animals, and at a late stage in the 
long been known to vary a great deal. As development of the arteries of the human 
already noted, certain anomalies have been _ hand. The frequency with which the median 
explained on the basis of developmental artery takes part in the formation of the 
stages which have persisted abnormally. superficial arch has been variably stated: in 
Thus, Singer believed that arterial anoma- 15 or 7.5 per cent of Jaschtschinski’s 200 
lies, with unusual anastomosis, could be ex- _— specimens; in 27 or 16.1 per cent of Tand- 
plained embryologically. This theory is par- _ler’s 160 specimens; in 16 or 8.0 per cent of 
ticularly well illustrated in the case of the Adachi’s 200 specimens; in 5 or 1.1 per cent 
superficial arch. of Gray’s 452 specimens; and in 64 or 9.9 
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Fic. 3. Types of superficial volar arterial arch (b to j) 
encountered in 650 dissections of the hand, together with 
the “textbook normal” (a). Shown schematically, with 
the percentage occurrence of each of the 9 types. Vari- 
ations (b to f) encountered in 510 specimens in which 
the arch was complete; patterns (g to j) found in the 140 
hands in which the arch was incomplete —in the areas 
indicated by marker. a, The standard, and regularly 
pictured, pattern of superficial arterial arch with its 
branches at metacarpal and phalangeal levels —the 
common and the proper volar digital arteries, respective- 
ly. b, The schematized form of the complete radioulnar 
communication present in slightly more than one-third 
of the total number of extremities studied. c, A trans- 
palmar arciform continuation of the ulnar artery with a 
full complement of common volar digital branches. This 
type occurs more frequently, 37 per cent of cases, than 
the traditional or ‘“‘standard”’ type. d, An arciform ar- 
rangement to which the contributors are ulnar and 
median arteries —the median artery replacing the radial 


of the type shown in a and b. The ulnomedian type 
initiates the series of patterns whose frequencies of occur- 
rence show a sharp decline from the commonest varieties, 
namely, those depicted in b and c. e, An arch to which 
the 3 arteries contribute. Here a median communication 
is sent to the center of the arch formed by anastomosis 
of the radial and ulnar arteries. f, In this type a trans- 
palmar continuation of the ulnar artery (compare with 
c) receives a midpalmar contribution from the deep 
palmar arterial arch, not from the radial artery itself. 
In the remaining specimens, 140 out of a total of 650 
(1.5 per cent), the superficial arterial arch is incomplete, 
the area of interruption indicated in each diagram by a 
black dot. g, In specimens of this type, the proper volar 
arteries are derived equally from the radial and ulnar 
arteries, without communication across the middle line 
of the hand. h, Here the ulnar artery is the chief con- 
tributor to the set of digital vessels, supplying 31% digits, 
that is, toward the thumb, to include the ulnar aspect 
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of the index finger. i, In specimens of this type the median 
artery reaches the hand to furnish digital arteries (com- 
pare with d and e), but without anastomosing the radial 
and ulnar arteries. Inclining toward the radial side of 
the hand, the median artery gives off a branch to the 
thumb. j, In this variety of palmar arterial supply, the 
deviation of the 3 source-vessels toward the radial side 
of the hand is of lesser degree than in the preceding type; 
the branches of the common volar digital artery derived 
from the median artery pass only to the facing aspects 
of the index and middle fingers, the radial and ulnar 
arteries caring for the areas marginal thereto. 


per cent of the 650 specimens in the present 
series. The relatively wide differences in 
percentage noted can be explained in part 
by the observation that the median artery 
frequently joins the superficial arch as a 
fibrotic thread or as a very tiny vessel which 
is barely dissectable. In these cases, the 
median artery does not contribute any part 
of the blood supply to the hand, and such 
cases are not included in this study. 

Most investigators agree that, when the 
median artery does join the superficial arch, 
it supplants no more than the contribution 
of the radial artery to the arch. This is in 
keeping with the developmental sequence, 
since the radial artery replaces the median 
during development. Jaschtschinski showed 
that the radial, the median, and the ulnar 
arteries all may participate in the supply of 
the hand, either with or without forming an 
anastomosis. 

Manners-Smith stated that in rare in- 
stances the volar interosseous artery may 
contribute to the formation of the superficial 
arch. He emphasized that it represents a 
very primitive condition. In the present 
series, no example of this pattern occurred. 

Classification. Jaschtschinski grouped the 
variations into 2 categories, on the basis of 
derivation from a complete or an incomplete 
arch. He observed 4 main subdivisions in 
each group. This classification is a service- 
able one; it has been adopted with slight 
modification in the following discussion. In 
group I an anastomosis takes place between 
the vessels that form the arch. In the 
absence of a contribution from the radial or 
a median artery, the ulnar artery is consid- 
ered to form a complete arch by anastomos- 


ing with vessels from the deep arch in the 
web of the thumb and index finger. 

Of the 650 hands in this study, 510, or 
78.5 per cent, possessed complete arches. 
These were subdivided into 5 types. 


GROUP I: COMPLETE ARCH 


Type A. The classical radioulnar arch is formed by 
the superficial volar branch of the radial artery and 
the larger ulnar artery. This is the configuration regu- 
larly described (Fig. 3b). It was found in 34.5 per 
cent of all specimens. 

Type B. This is an arch formed entirely by the 
ulnar artery (Fig. 3c). It was present in 37.0 per cent 
of cases. 

Type C. The medianoulnar arch is composed of 
ulnar artery and an enlarged median artery (Fig. 
3d). This type of arch occurred in 3.8 per cent of the 
specimens. 

Type D. Included are examples of the radiomedi- 
anoulnar intercommunication in which the three ves- 
sels enter into the formation of the arterial arch (Fig. 
3e). Only 1.2 per cent of the specimens fell into this 
category. 

Type E. This type has apparently not been ob- 
served heretofore. It consists of a well formed arch, 
initiated by the ulnar artery and completed by a 
large sized vessel derived from the deep arch. The 
latter vessel came to superficial level at the base of 
the thenar eminence to join the ulnar artery (Fig. 
3f). This uncommon pattern was found in only 2.0 
per cent of cases. 


In no specimen did a volar interosseous 
artery take part in the formation of the su- 
perficial arch; and no example of complete 
absence of the arch was found. 

When the contributing arteries to the su- 
perficial arch do not anastomose, or when 
the ulnar artery fails to reach the thumb and 
index finger, the arch is incomplete. With the 
exception of type E, patterns found in this 
group were similar to those described under 
group I. A total of 140 cases (or 21.5 per 
cent) fell into this general category. They 
were subdivided into four main types. 


GROUP II: INCOMPLETE ARCH 


Type A. Both the superficial volar branch of the 
radial artery and the ulnar artery take part in the 
supply to the palm and fingers but, in doing so, fail 
to anastomose (Fig. 3g). Only 3.2 per cent belonged 
in this division. 

Type B. The ulnar artery is the superficial volar 
arch. The arch is incomplete in the sense that the 
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ulnar artery does not take part in the supply to the 
thumb and index finger (Fig. 3h). In the present lot 
of 650 specimens, 13.4 per cent belonged in this group. 

Type C. The superficial vessels receive contribu- 
tions from both median and ulnar arteries but without 
anastomosis (Fig. 3i). Only 3.8 per cent showed this 
pattern. 

Type D. The radial, median, and ulnar arteries all 
give origin to the superficial vessels but do not 
anastomose (Fig. 3j). Only 1.1 per cent of the present 
series fell into this category. 


Wide variations in caliber of the vessels 
comprising the superficial volar arch had 
been noted earlier. Quain and others ob- 
served that occasionally when the vessels of 
the superficial arch are small, the deep ves- 
sels are usually large. This observation was 
confirmed in our study. 


BRANCHES OF THE SUPERFICIAL VOLAR ARCH 


It is customarily stated that 3 common vo- 
lar digital arteries arise from the convexity of 
the arch, and that these vessels pass to the 
interdigital webs of the corresponding sec- 
ond, third, and fourth interosseous spaces. 
Here they bifurcate into proper volar digital 


arteries which then pass to adjacent sides of 
the respective digits (Fig. 4a). In addition 
there is a branch given to the ulnar side of 
the fifth digit, and occasionally a branch to 
the radial side of the index finger. Variations 
in branches to skin, fascia, and long flexor 
tendons are excluded from the list of branches 
determining allocations into patterns. 

Tandler was aware of divergence of opin- 
ion regarding the connections of the super- 
ficial volar arch in the first interspace. In a 
study of 130 specimens he found that the 
final termination of the superficial branch of 
the ulnar artery in the palm is usually an 
artery which supplies both the radial side of 
the index finger and ulnar side of the thumb. 
He called this the first common volar digital 
artery. The present study supports Tandler’s 
observations. 

Classification. In 265 hands, 7 different pat- 
terns of the common volar digital arteries 
were observed. These were classified without 
regard to peculiarities of the arch from which 
they arose. 


Type 1. This type contains 4 common volar digital 
arteries. In all of these cases a vessel that supplies the 
ulnar side of the thumb and the radial side of the 
index finger corresponds to the first common volar 
digital artery described by Tandler. The other 3 com- 
mon volar digital arteries pass to the webs of the 
second, third, and fourth interspaces (Fig. 4b); 77.3 
per cent of our cases showed this pattern. 

Type 2. This type has 3 common volar digital 
arteries that pass to the interdigital webs of the second, 
third, and fourth interspaces. Although this is the 
configuration usually described, it occurred in only 
8.8 per cent in the present series (Fig. 4c). 

Type 3. In addition to 3 common volar digital 
arteries, as described under Type 2, an artery passes 
to the thumb; it anastomoses with, or replaces, one of 
the arteries of the thumb but sends no branch to the 
index finger (Fig. 4d). Of the total of 265 specimens, 
6.4 per cent showed this pattern. 

Type 4. This type has 3 common volar digital 
arteries which pass to the first, second, and fourth 
interspaces but not to the third (Fig. 4e). This is a 
rare pattern, having been found in only 1.9 per cent 
of cases. 

Type 5. This type has 3 common volar digital 
arteries, as in Type 2, and a branch to the radial side 
of the index finger (Fig. 4f). This type is also uncom- 
mon, occurring in only 3.4 per cent of specimens. 

Type 6. Here 2 common volar digital arteries pass 
to the second and third interspaces, leaving the fourth 
interdigital web without similar supply (Fig. 4g). 
This also is unusual; it was found in only 2 specimens, 
or 1.5 per cent of the cases. 

Type 7. Common volar digital arteries to the first 
and second interspaces are wanting; thus there are 
only 2 common volar digital vessels passing to the 
third and fourth interspaces (Fig. 4h). Only 0.7 per 
cent possessed this pattern. 


Piersol noted an inverse ratio between the 
caliber of the volar metacarpal arteries and 
that of the corresponding common volar 
digital arteries. Quain and others observed 
that a common volar digital artery may be 
completely absent, its area of supply then 
being cared for by the corresponding volar 
metacarpal artery. In almost all of such cases, 
the replacing metacarpal artery is unusually 
large. Manners-Smith, in a study of lower 
primates, found that replacement of the su- 
perficial vessels by the deep set is paralleled 
in most anthropoids wherein the deep volar 
arch predominates in supply of the digits. In 
the present work, this replacement scheme 
was also encountered, although infrequently, 
as noted from the foregoing figures. 
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Fic. 4. Variations in pattern of the common volar digital arteries encountered in the examination 
of 265 specimens. a, The regularly pictured scheme of digital arteries contributed by the super- 
ficial arch. b, Representing the commonest pattern, 77.3 per cent, in which 4 common volar digital 
branches leave the superficial arch. The first branch radialward supplies the thumb and the lateral 
aspect of the index finger, that is, sends rami to the sides of the first interosseous, or interdigital, 
space; the succeeding common volar digital arteries, 3 in number, pass the remaining spaces. c, 
This scheme for digital arterial supply, regularly pictured in textbooks (Fig. a) and atlases of gross 
anatomy, occurred in only 8.8 per cent of the specimens studied. In this classical configuration, 3, not 
4, common volar digital arteries leave the superficial arch. d, Even less frequently, 6.4 per cent of 
cases, a comparable pattern of digital supply is maintained. e, In examples of this rare variety, 1.9 
per cent, the extreme is reached in radialward inclination of the ulnar supply; the thumb receives 
a digital branch from the ulnar artery, the parent arch having no connection with the radial (area 
of discontinuity indicated by a black dot). Despite the fact that the field of ulnar artery is broad, 
there is a deficiency in the schema: a common digital artery to the third interdigital space is wanting. 
f, This type represents an intermediate between an arrangement whereby all digits receive ulnar 
derivatives and one in which supply therefrom does not affect the first interdigital space. g, Here, 
common metacarpal arteries to the first and the fourth interdigital spaces are wanting. h, The 
extreme deficiency encountered in this set of 265 extremities is represented by cases in which only 2 
common volar digital branches occur, supplying the ulnar half of the hand. This type occurs less 
frequently, 0.7 per cent of cases, than any other variety. 


The following generalizations regarding 
these vessels seem justified: (a) the vessel to 
the first interspace, as described, is sufficient- 
ly constant to warrant recognition as the first 
common volar digital artery; (b) when a 
common volar digital artery is small in cali- 
ber, the corresponding volar metacarpal ar- 


branch of the superficial arch may be re- 
placed by a volar metacarpal artery; (d) 
branches of the median artery or the super- 
ficial branch of the radial artery rarely 
directly supply the ulnar side of the hand. 


DEEP VOLAR ARCH 


tery from the deep arch is invariably en- 
larged; (c) the area of supply of a missing 


The deep volar arch is less variable than 
the superficial arch. It is commonly stated 
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that the deep branch of the radial artery 
passes from dorsal to deep volar position by 
piercing the two heads of the first dorsal in- 
terosseous muscle at the proximal reaches of 
the first interspace. It then lies deep to the 
adductor pollicis muscle as far as the origin 
of that muscle on the third metacarpal bone 
(Fig. 1b). It pierces a cleft between the two 
heads of origin of the adductor and then, 
deep to the interosseous fascia, connects with 
the deep volar branch of the ulnar artery. 
This latter vessel takes origin from the ulnar 
artery just distal to the pisiform bone and 
passes to the deep palmar level through a 
hiatus between the origins of the short flexor 
and the abductor muscles of the little finger; 
then, by passing through fascicles of the op- 
ponens digiti quinti muscle, it attains a posi- 
tion deep to the interosseous fascia (Fig. 2a 
and b). Formed primarily by the radial ar- 
tery, the entire arch describes an irregular 
curve which roughly follows the bases of the 
metacarpal bones (Fig. 5a). Most workers 
have found the deep arch to be quite variable 
in size, as well as usually inversely propor- 
tional to the caliber of the superficial arch 
and its branches. Jaschtschinski found 1 
case, that of a 2 month old infant, of com- 
plete absence of the deep volar arch in his 
study of 200 specimens. 

Deep volar branches of the ulnar artery. Von 
Haller noted that the deep volar arch may 
receive 2 contributions from the ulnar ar- 
tery. Zuckerkandl, in a study of 100 hands, 
found that 2 deep branches of the ulnar ar- 
tery are common, being present in 79 per 
cent of his cases. He further observed that 
either or both of the vessels could complete 
the arch. Jaschtschinski and Piersol agreed 
with these findings; and Adachi noted that 
the superior branch frequently has no com- 
munication with the deep arch, often ending 
in the hypothenar muscles. In our study 2 
deep branches of the ulnar artery were most 
often present, namely in 63.5 per cent of the 
specimens. 

The superior ramus was present in all 
specimens. The latter vessel accompanies the 
deep branch of the ulnar nerve along its 


course deep to the origins of the ficxor digiti 
quinti muscle. In one-half the cases, it is lost 
in the hypothenar muscles and thus fails to 
join the deep arch (Fig. 5b). 

The inferior ramus was present in 63.5 per 
cent of 200 specimens; it invariably took 
part in the formation of the deep volar arch. 
This ramus does not follow the deep branch 
of the ulnar nerve; instead, it passes super- 
ficially to the flexor digiti quinti muscle and 
deep to the long flexor tendons. Occasionally 
both vesselscompleted the deeparch (Fig. 5d), 

Classification. Variations of the deep arch 
may be assigned to 2 large groups, match- 
ing generally those already described for the 
superficial arch. This means that the arch 
may be complete or incomplete. 

Group I, in which the deep arch is com- 
plete, is by far the larger, since it includes 97 
per cent of 200 specimens. Within it are 4 
types, as follows. 


GROUP I: COMPLETE ARCH 


Type A. The deep volar arch is formed by the deep 
volar branch of the radial artery which meets the 
superior deep branch of the ulnar artery. The latter 
follows the deep branch of the ulnar nerve into the 
palm (Fig. 5e). This pattern appeared in 34.5 per cent 
of the specimens. 

Type B. The deep volar branch of the radial artery 
anastomoses with the inferior deep branch of the 
ulnar artery (Fig. 5f). This was the commonest pat- 
tern, having been encountered in 49 per cent of cases. 

Type C. Those cases are included in which both 
deep branches of the ulnar artery join the deep volar 
branch of the radial artery to complete the arch (Fig. 
5h). Only 13 per cent of specimens showed this pattern. 

Type D. This is formed by the superior deep branch 
of the ulnar artery which anastomoses with an en- 
larged superior perforating artery of the second inter- 
space. There is also a contribution from the first 
interspace which, despite its small size, serves to 
complete the arch (Fig. 5g). A single case, 0.5 per 
cent, was found. 


Group II consists of an incomplete arch in 
which no anastomosis exists between deep 


volar branches of ulnar and radial contribu- 
tions. Two different patterns were found. 


GROUP II: INCOMPLETE ARCH 


Type A. The inferior deep branch of the ulnar 
artery anastomoses with the perforating artery of the 
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from the convexity include the princeps 
pollicis artery, the artery to the radial side of 
the volar surface of the index finger which 
may arise in common with the preceding 
vessel, and 3 volar metacarpal arteries. The 
latter are described as passing distalward to 
the interdigital webs where they anastomose 
with the appropriate common volar digital 
artery. The deep branches arise from the 
dorsal surface of the arch at the proximal 
reaches of the second, third, and fourth in- 
terspaces. These are the perforating arteries 
which pass to the dorsum of the hand. 

Volar metacarpal arteries. It has been ob- 
served by other investigators that the num- 
ber, the course, and the area of supply of the 
volar metacarpal arteries vary considerably. 
The termination of the volar metacarpal 
arteries is usually shown to be a direct 
anastomosis with the appropriate common 
volar digital arteries at or proximal to the 
bifurcation of the latter into proper volar 
digital vessels (Fig. 6a). Rauber and Kopsch 
showed that a volar metacarpal artery may 
fail to join its corresponding common volar 
digital artery; they also observed that 2 volar 
metacarpal arteries may join the same com- 
mon volar digital artery. On the other hand, 
Fracassi contended that the metacarpal 
arteries usually extend only as far as the 
metacarpophalangeal joints, being primarily 
nutritive to the muscles, metacarpal bones, 
and capsules of metacarpophalangeal joints. 

Tandler observed that the deep artery of 
the first interspace, called princeps pollicis 
artery by many, corresponds in position and 
supply to the first dorsal metacarpal artery; 
he therefore believed that it should be called 
the first volar metacarpal artery. 

In the present series the volar metacarpal 
arteries were found to be the most variable 
vessels in the hand. Few hands in this series 
contained matching patterns; consequently, 
the problem of classification offered many 
difficulties. The following concepts served as 
guides: that a volar metacarpal vessel is one 
which arises from the deep arch and extends 
at least as far distalward as the metacarpo- 
phalangeal joint; that the large artery to the 


thumb is considered the first volar meta- 
carpal artery, the large vessel which courses 
along the volar aspect of the second meta- 
carpal bone then being the second volar 
metacarpal artery. These vessels may arise 
from a common trunk. 

The remainder of the vessels are best con- 
sidered from the standpoint of type and of 
total number. Quain’s observation that the 
number varies widely from hand to hand 
was confirmed. Including the vessels to the 
thumb and index finger, the smallest num- 
ber of metacarpal arteries found in any one 
hand was 3; the greatest number was 6. 

One consistent feature was observed: the 
first and second volar metacarpal arteries 
were both present in 95 per cent of speci- 
mens. In only 2 instances in the 100 hands 
was the first volar metacarpal artery missing, 
and in only 3 cases was the second volar 
metacarpal artery absent. In no specimen 
were both vessels absent. 

Differing from standard accounts, wherein 
the metacarpal arteries are described as 
lying on the volar surface of the appropriate 
interosseous muscles, we found that the first 
and second volar metacarpal arteries almost 
invariably lie directly over the volar sur- 
faces of the corresponding bones. The re- 
maining members of the volar metacarpal 
set were inconstant in their relationships to 
the metacarpal bones, to the interosseous 
muscles, and to the interspaces. These cir- 
cumstances rendered it difficult to assign 
specific numbers to volar metacarpal vessels 
other than the first and second. Frequently, 
2 metacarpal vessels arose in the same in- 
terosseous space, yet distally passed to adja- 
cent metacarpophalangeal joint capsules, or 
to adjacent interdigital webs, or to both. 
Owing to these circumstances, the volar 
metacarpal vessels were catalogued on bases 
of total number and type, of which latter 
there were three. 


Type 1. The vessel joins the appropriate common 
volar digital artery as is classically described (Fig. 6b). 

Type 2. The artery terminates in the capsule of the 
metacarpophalangeal joint (Fig. 6c). 

Type 3. The vessel bifurcates at the level of the 
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head of the metacarpal bone and anastomoses with 
two separate common volar digital arteries or their 
branches (Fig. 6d). 


Sixty per cent of all volar metacarpal 
vessels belonged to type 2; only 30 per cent 
were of the classical type 1. Thus, less than 
1 in 3 examples of volar metacarpal arteries 
joined with a common volar digital artery 
in the manner regularly described. 

Recurrent branches of the deep arch. Usually 
the proximal branches of the deep volar 
arch are small channels, termed recurrent. 
They are 2 or 3 in number, pass proximally 
into the carpus on its volar surface, and 
anastomose with the volar carpal branches 
of the volar interosseous artery. Quiring 
observed that this anastomosis is one of the 
chief elements in the collateral circulation 


to the hand, following ligation of both radial 
and ulnar arteries below the origin of the 
common interosseous artery. Lawrence de- 
scribed an extremity in which years before 
death there had been a severance of both 
radial and ulnar arteries at the wrist. In 
this specimen the volar interosseous artery 
was enlarged 4 times usual size, and its 
terminal branches were markedly enlarged 
and tortuous. Lawrence concluded that 
when the radial and ulnar arteries were 
severed, under favorable circumstances a 
compensatory supply would be furnished 
by collaterals through the volar rete. This 
opinion has been advanced by others. 

We found these recurrent branches in all 
specimens studied. However, only in rare 
cases, 5 per cent, could an anastomosis be 
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demonstrated by dissection between these 
small vessels and the carpal branches of the 
volar interosseous artery. 


PERFORATING ARTERIES 


These vessels are conventionally pictured 
as dorsal branches of the deep volar arch. 
They are 3 in number and pass dorsalward 
at the superior extremity of the second, 
third, and fourth interosseous spaces. There, 
as superior perforating arteries, they anas- 
tomose with the respective dorsal metacarpal 
arteries (Fig. 6e). Rauber and Kopsch and 
others have noted that these vessels are 
frequently the main source of supply to the 
dorsal metacarpal arteries. Von Meyer be- 
lieved that developmentally the perforating 
arteries are the only supply to the dorsal 
metacarpal arteries. 

Von Haller described a set of perforating 
arteries which arose directly from the volar 
metacarpal arteries near the heads of the 
metacarpal bones (Fig. 6f); and an inferior 
perforating vessel has been described that 
joins the dorsal metacarpal arteries through 
the interdigital web (Fig. 6g). 

Classification. The perforating vessels of 25 
hands were dissected in detail by teasing 
away the interosseous musculature. Four 
types were found. The first 3 correspond to 
those just mentioned; the fourth type is an 
inconstant perforating vessel hitherto un- 
described in the literature. Percentage oc- 
currence will not be recorded because the 
number of specimens dissected was small. 


Type 1. This is the variety of superior perforating 
artery classically described. It arises either inde- 
pendently from the deep volar arch or, less frequently, 
from a common trunk with a volar metacarpal artery. 
It passes through the superior extremity of the inter- 
metacarpal spaces and anastomoses with, or forms 
entirely, the corresponding dorsal metacarpal artery. 
Three in each hand is the usual number (Fig. 6e). 

Type 2. This vessel corresponds to the inferior per- 
forating artery described by von Haller. Just proximal 
to the head of the appropriate metacarpal bone, the 
volar metacarpal artery sends a perforating vessel to 
the dorsum, which anastomoses with the correspond- 
ing dorsal metacarpal artery (Fig. 6f). 

Type 3. Passing dorsalward from its source in the 
proper volar digital artery, this vessel unites with 


either the appropriate dorsal metacarpal artery or 
with one of its digital branches (Fig. 6g). 

Type 4. This is the least frequent of several varieties 
of the perforating vessel. The artery arises from the 
deep volar arch and passes obliquely through the 
interosseous muscles to join the corresponding dorsal 
metacarpal artery near the metacarpophalangeal 
joint (Fig. 6h). 


DORSAL CARPAL RETE 


The dorsal surface of each interspace 
may, therefore, receive as many as 4 per- 
forating vessels from volar arteries, or merely 
a single vessel. Furthermore, the dorsal 
carpal vessels usually vary inversely in size 
with the number of perforating arteries 
present in the interspaces. This reciprocal 
pattern indicates that the primary function 
of the perforating arteries is to supply the 
dorsum of the hand. 

On the dorsum of the hand the relations 
of the arteries and their pattern of deriva- 
tion and branching differ from those pre- 
vailing on the volar aspect: the arterial 
branches reach the dorsal surface as rami of 
palmar vessels; when they attain carpal po- 
sition in their course distalward they lie on 
a single level, under the extensor tendons 
and upon the bones, the ligaments of the 
latter, and the intermetacarpal—interos- 
seous— musculature. 

Passage of branches to the dorsum begins 
at distal antebrachial level where the volar 
interosseous artery sends a terminal branch 
through the interosseous membrane as a 
contribution to the dorsal carpal rete, to 
which the dorsal interosseous artery is the 
other contributor (Fig. 7, at level 7). 

Next distalward, each of the major vessels 
sends a branch to the dorsal surface of the 
hand where they join to form the arciform 
element in the carpal network. This includes 
the carpal ramus of the radial artery which 
is joined by a corresponding branch of the 
ulnar (Fig. 7, at level 2). 

Dorsal metacarpal arteries arise from the 
arciform vessel and pass forward typically 
along both margins of the fingers. Those 
which are second, third, and fourth in the 
series rest upon the dorsal interosseous 





Coleman and Anson: ARTERIAL PATTERNS IN HAND 421 


muscles. In that location they are augment- 
ed by branches of the deep volar arch or 
volar metacarpal arteries which, as per- 
forating rami, pass through and supply the 
musculature of intermetacarpal position 
(Fig. 7, at level 3). The conjoined trunks are 
the dorsal digital arteries. 

As these dorsal vessels give out, the ter- 
minal supply is taken over by dorsally di- 
rected branches of the proper volar digital 
arteries (Fig. 7, at level 4). 

Thus it is evident that the schema of 
derivation of the arteries which supply the 
dorsum of the hand is exceptionally complex. 
Since it consists of vessels contributed from 
the opposite surface to 4 successive segments, 
from distal part of forearm to fingertips, 
some degree of variation would be expected. 
Actually, departures from the anatomic 
norm are numerous and often profound. 

Adachi found a case in which the dorsal 
carpal branch of the radial artery was absent, 
the volar interosseous artery then supplying 
all dorsal metacarpal arteries. Furthermore, 
Adachi noted the diversity of these vessels, a 
circumstance familiar to von Meyer who 
regarded the dorsal carpal rete as an inci- 
dental factor in the blood supply of the 
dorsum of the hand. 

The configuration of the dorsal carpal 
vessels was studied in 75 specimens. A dorsal 
carpal branch of the radial artery did not 
invariably occur in every case, although it 
entered into formation of the rete in 93.3 
per cent; in most instances, 82.7 per cent, a 
common contribution arose from the dorsal 
and volar interosseous arteries. Much less 
frequently, 38.6 per cent, a contribution 
was received from the dorsal carpal branch 
of the ulnar artery. This vessel was almost 
invariably present in the specimens studied 
in the current series; however, it was usually 
confined to the dorsal surface of the little 
finger, making no contribution to the rete. 
Szepsenwol and Genequand also studied 
this artery in man and lower animals and 
found that it was usually present in man. 

Quite often the plexus was difficult to 
dissect; occasionally, the intercommunicat- 
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Fic. 7. The familiar pattern of arterial supply to the 
dorsum of the hand; schematized to demonstrate the 
sources derived from the opposite, or palmar, aspect of 
the hand. The arteries appear on the dorsal surface at 
successive levels, distalward, beginning with the ante- 
brachium. 


ing vessels were destroyed. A specimen was 
used in statistical results only when the ves- 
sels could be traced throughout their course. 

Classification. Six types of arterial pattern 
were encountered. 


Type 1. The plexus is formed by the dorsal carpal 
branch of the radial artery, the carpal branches of the 
dorsal interosseous artery, and terminal branch of the 
volar interosseous (Fig. 8b). This was the most com- 
mon variety and was encountered in 49.4 per cent of 
the 75 specimens. 

Type 2. This type is formed by the dorsal carpal 
branches of the radial, ulnar, and interosseous arteries 
(Fig. 8c). Although this is the pattern classically de- 
scribed, in the present study only 30.6 per cent of the 
cases fell into this category. 

Type 3. The plexus is formed exclusively by the 
dorsal carpal branch of the radial artery. No contribu- 
tion is received from either the interosseous or the 
ulnar artery (Fig. 8d). This type was present in 8 per 
cent of cases. 

Type 4. The rete is composed of the dorsal carpal 
branches of the radial and ulnar arteries, with no con- 
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tribution from the interosseous vessels (Fig. 8e). Only 
5.3 per cent of cases fell into this category. 

Type 5. The dorsal carpal branches of the ulnar 
artery and the carpal branches of the dorsal and volar 
interosseous arteries form the plexus. The dorsal 
carpal branch of the radial artery plays no part in the 
formation of the rete (Fig. 8f); it pierces the inter- 
metacarpal musculature to end in the deep volar 
arterial arch. This was a very uncommon type, only 
2.7 per cent of cases belonging therein. 

Type 6. No rete is formed. The carpal branches of 
the interosseous and ulnar arteries are wanting, and 
the dorsal carpal branch of the radial artery is limited 
to the second interspace (Fig. 8g). This pattern oc- 
curred in 4 per cent of cases. In none of the 6 types 
was there consistent relationship between the dorsal 
rete and the dorsal metacarpal arteries. From 7 to 20 
per cent of hands, depending upon the type of arch, 
showed no connection between the dorsal carpal rete 
and the dorsal metacarpal arteries. In fully one-half 
of those in which the dorsal rete made a contribution, 
the anastomosing vessels were so small as to appear 
functionally negligible. The second interspace, where 
the dorsal carpal contribution is more often large, is 
an exception. 


DORSAL METACARPAL ARTERIES 


As the radial artery pierces the first dorsal 
interosseous muscle, a small artery is given 
off. It bifurcates to send branches to adja- 
cent sides of the thumb and index finger 
(Fig. 8a). This is the first dorsal metacarpal 
artery. In some cases it is of generous size; 
passing as a single, large vessel over the dor- 
sal surface of the first dorsal interosseous 
muscle as far as the distal free border of the 
adductor pollicis muscle, the artery invar- 
iably anastomoses with branches of the 
superficial volar arch (Fig. 8h). It was 
found in 18.0 per cent of 100 specimens, 
comparing favorably with the 15.4 per cent 
observed in ‘Tandler’s 130 specimens. 

Testut observed a third branch of the 
radial artery on the dorsum of the thumb. 
This small vessel, which passes independ- 
ently to the dorsal surface of the first 
metacarpal bone, was called the dorsal 
artery of the thumb. In our series this artery 
was rather constant; however, it was small 
and rarely coursed further distaily than the 
metacarpophalangeal joint of the thumb 
(Fig. 8a). It was found in 83.0 per cent of 
100 specimens. 


The second, third, and fourth dorsal 
metacarpal arteries pass in the correspond- 
ing interosseous spaces on the dorsal sur- 
faces of the respective interosseous muscles, 
Although it is commonly stated that they 
arise from the dorsal carpal arch, Fracassi 
demonstrated that these dorsal metacarpal 
arteries most often arise only from the supe- 
rior perforating arteries. These metacarpal 
vessels may be missing. In Adachi’s series 
the fourth dorsal metacarpal artery was 
wanting in 30 per cent of his 50 cases. In 
17.3 per cent of the current set of 75 speci- 
mens, no artery was present. The dorsal 
metacarpal artery of the first interspace was 
present in 89.3 per cent of the series, of the 
second interspace in 98.7 per cent, and of 
the third interspace in 92.0 per cent. 

A small vessel which arises from the dor- 
sal carpal branch of the ulnar artery and 
descended along the ulnar border of the 
fifth metacarpal bone was found in 81.3 per 
cent of the 75 hands. ‘This artery, the fifth 
dorsal metacarpal, most frequently takes 
origin from the dorsal carpal branch of the 
ulnar artery, but occasionally it arises from 
the carpal branches of the interosseous 
arteries. Passing along the dorsal surface of 
the ulnar side of the fifth metacarpal bone, 
it usually extends only as far as the proximal 
interphalangeal joint. 

Concerning the arterial supply to the 
digits, certain generalizations can be made. 
There are 3 arterial sources to each inter- 
digital web as follows: (1) the common volar 
digital, (2) the volar metacarpal, and (3) 
the dorsal metacarpal. Ultimately 2 proper 
volar digital arteries are formed, each of 
which supplies adjacent sides of digits. In 
the majority of instances the main supply to 
the digits comes from the common volar 
digital arteries, but it is not unusual for a 
volar metacarpal artery to supplant one of 
the former vessels; and in rare instances, 
confined principally to the first and second 
interspaces, the chief supply may come from 
the dorsal metacarpal vessels. 

Generally speaking, the arterial supply to 
the first interspace is in most cases derived 
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Fic. 8. Variations in formation of the dorsal carpal network. a, The standard pattern in which 
anastomosis is made between dorsally directed branches of the radial artery (at A), the dorsal 
interosseous (B), and the ulnar (C). b, A type in which communication is made between the carpal 
branch from the radial side and interosseous rami. c, A combined source from radial, ulnar, and 
interosseous arteries (“standard” type). d, Example of a network derived solely from the radial side. 
e, The type of carpal derivation from the sides of the hand (compare with a). f, In this type there 
is a double source, from ulnar side and interosseous position. g, Absence of grossly demonstrable 
network. h, The vessels of radial carpal derivation pierce the interosseous musculature to communi- 


cate with the deep volar arterial arch. 


from the deep arch, either through the first 
volar metacarpal artery alone, or by way of 
both the first and second volar metacarpal 
arteries. The supply to the second interspace 
is derived about equally from either the 
second volar metacarpal artery or the second 
common volar digital artery; thus, the ar- 
terial supply is shared equally by the super- 
ficial and deep arches. The third and fourth 
interdigital webs are primarily supplied by 
common volar digital branches of the super- 
ficial arch. Hence, the thumb and index 
finger and the radial side of the middle fin- 
ger derive their supply from the deep arch, 
or radial artery. The ulnar side of the mid- 
dle finger, the ring finger, and the little fin- 
ger collectively are supplied almost exclu- 


sively from the superficial arch, which 
means by the ulnar artery. The middle fin- 
ger, therefore, occupies the point of division 
between the supply from the superficial 
arch and the deep arch. 


SUMMARY 


The arteries of the hand form several 
diversified patterns that permit classification 
into well defined categories. Many of the 
deviations can be explained on an embryo- 
logic and comparative basis. 

The superficial volar arch can be divided 
into 2 large groups: those with complete 
arches and those with incomplete arches. A 
complete arch is present in about 80 per 
cent of cases. It is further subdivided into 5 
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types, based upon the method by which the 
contributing arteries join. The incomplete 
arches can be divided into 4 types. 

The median artery enters into the forma- 
tion of the superficial volar arch in about 10 
per cent of cases. The artery always passes 
deep to the transverse carpal ligament. 

There were 7 different patterns of branch- 
ing of the superficial volar arch. A recip- 
rocal relationship with respect to size usually 
occurs between the common volar digital 
arteries and the volar metacarpal arteries of 
the deep volar arch. 

The deep volar arch is less variable than 
the superficial arch. Two deep palmar 
branches of the ulnar artery are usually 
present, either one or both of which may 
contribute to the deep arch. The deep arch 
is complete in 97 per cent of cases. Usually 
the caliber is reciprocal to that of the super- 
ficial arch. 

The volar metacarpal arteries are ex- 
ceedingly variable in respect to both size 
and number. On the average, there are be- 
tween 4 and 5 volar metacarpal arteries in 
each hand. Most frequently, instead of join- 
ing the common volar digital arteries, they 
terminate, as grossly dissectible vessels, at 
the metacarpophalangeal joints. The ex- 
ceptions are the metacarpal arteries of the 
first and second interspaces. 

The recurrent volar carpal branches of 
the deep volar arch vary in number from 1 
to 3. Anastomosis with the volar carpal 
branches of the volar interosseous artery 
was demonstrated in only 5 per cent of cases. 

There are 4 types of perforating arteries 
that pass from volar vessels through the 
metacarpal interspaces to anastomose with 
dorsal metacarpal arteries. These vessels 
provide the principal supply to the dorsal 
surface of the hand. 

The arteries on the dorsum of the wrist 
form a rete. Six types of dorsal carpal plexus 
occur, the most frequent pattern being 


formed by dorsal carpal branches of the 
radial and the interosseous arteries. In 10 
to 20 per cent of cases there is no anasto- 
mosis between the rete and the dorsal meta- 
carpal arteries. 

The dorsal metacarpal arteries receive 
their chief supply from rami perforantes, 
which are derived from volar vessels. The 
artery of the fourth interspace is absent in 
about one-sixth of cases. In 18 per cent of 
hands there is a large first dorsal metacarpal 
artery; the fourth and fifth digits are sup- 
plied by branches of the superficial arch, 
and the middle finger equally by branches 
of both the superficial and deep arches. 
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CANCER OF THE THYROID 


HARRY J. METROPOL, M.D., and RICHARD T. MYERS, M.D., F.A.C.S., 


Winston-Salem, North Carolina 


THIs STUDY was undertaken to appraise the 
experience with cancer of the thyroid in one 
university hospital between the years 1950 
and 1959. It covers a period which is ac- 
knowledged as too short for adequate evalu- 
ation; however, this is a preliminary report 
for re-evaluation every 5 years. Patients in 
the present series have all been followed up 
either to death or to date. About half of the 
patients have been observed for 5 or more 
years. 

In general, the results tend to favor less 
radical procedures for carcinoma of the thy- 
roid, more in line with the views advocated 
by Crile and associates (2, 3, 4) as opposed 
to those of Black and associates, Young, and 
Ward. Except for 3 radical resections, all 
operations were either local excisions or, 
what we call, conservative excisions. A con- 
servative excision is one in which the in- 
volved lobe of the thyroid with or without 
the isthmus is excised along with all involved 
lymph nodes. 


GENERAL FEATURES 


This modest experience comprises a total 
of 59 histologically proved cases of cancer of 
the thyroid seen at the North Carolina 
Baptist Hospital from 1 January 1950 to 
1 January 1959, as has been mentioned, 
with a follow-up in 100 per cent. 

For the sake of simplicity, tabulation of 
results are confined to the 30 cases of papil- 
lary carcinoma and 20 cases of follicular 
carcinoma. The statistics of the 9 cases of 
other types of cancer of the thyroid are 
simple and very grim. With the exception of 
the 1 patient with malignant histiocytoma 
who is living 3 years postoperatively, the re- 
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maining 8 patients with other types,which 
included 3 with giant cell carcinoma, 3 with 
small cell carcinoma, 1 with malignant 
lymphoma, and 1 with fibrosarcoma, died 
within 1 year of the date of operation re- 
gardless of the type of surgery and postop- 
erative irradiation. This experience is simi- 
lar to that of Lesnick and associates and 
James. 

Gross results are therefore tabulated on 
the 50 cases of papillary and follicular car- 
cinoma. 

The incidence of 59 cases of thyroid can- 
cer in the 1,249 thyroid operations perform- 
ed during this 10 year period was 47.2 per 
1,000. The ratio of females to males was ap- 
proximately 3 to 1. 

In this series there were no cases of thy- 
roid cancer following previous exposure 
either from the internal administration of 
radioactive iodine or from external roentgen 
radiation to the neck. Attention, however, is 
called to the increasing number of reports 
in the literature of such occurrences. 

Physical examination revealed that 41 of 
the patients had solitary nodules, but there 
were 9 multinodular and 7 diffusely hard or 
firm thyroid glands. Two patients with no 
enlargement had areas of anaplastic carci- 
noma. 

In 41 patients cancer of the thyroid was 
suspected preoperatively and confirmed. 
Nine patients had carcinoma which was not 
suspected preoperatively. Four had diffuse 
toxic goiter and 3 had nontoxic goiter. One 
patient had cervical lymphadenopathy 
which was thought to be on an inflammatory 
basis until proved otherwise at operation. 
In 1 case, during the exploration for a para- 
thyroid adenoma, which was found, a car- 
cinoma of the thyroid was discovered as 
well. 





426 Surgery, Gynecology ¢> Obstetrics - October 1961 


TABLE I.—SURVIVAL STATISTICS IN CANCER OF 
THYROID 


—Papillary_ 
Period No. 


—Alveolar__ 
Per cent No. Per cent 
5 year survival or to death 
Living without disease 
Living with disease 
Dead from other causes 
Total for above 
Dead from disease 
Total 


_ 
_ 


64.7 : 60.0 
20.0 
20.0 


100.0 


* 


-_ 
Ir wmiw = 


— 
~“ 


3 year survival (all living 
without disease) 


<3 year survival (all living 
without disease) 


*These 2 patients had areas of anaplastic carcinoma. 
Operative mortality, 0. 


In 40 per cent of the cases of papillary 
carcinoma there was lymph node involve- 
ment, whereas, only 15 per cent of the follic- 
ular type were so involved. The over-all 
percentage of positive lymph nodes was 38. 

Conservative operations were performed 
in most of the patients. Only 3, or 5 per 
cent, had radical resections. In fact, only 
local excision of the tumor was carried out 
in 33 patients in whom the lymph nodes 
were thought not to be involved. The oper- 
ative mortality was zero. 

In this series, the only patients with papil- 
lary or follicular adenocarcinoma of the 
thyroid to die from the neoplasm were 2 
patients with papillary carcinoma who had 
areas of anaplastic carcinoma (Table I). 
This finding is in agreement with that of 
Crile and associates (3). A review of the 
literature yielded no better survival statis- 
tics. Results seem to indicate that papillary 
or follicular carcinoma of the thyroid, when 
there is no evidence of anaplasia, carries a 
more favorable prognosis and that a con- 
servative type of operation is all that is nec- 
essary. Recurrences, which are not com- 
mon, can be treated with local excision. 


Sufficient exogenous thyroid hormone to 
decrease recurrences or to suppress metastat- 
ic foci is being administered more frequent- 
ly in the last several years. Not enough time 
has elapsed to evaluate the efficacy of this 
procedure. 

The other forms of cancer of the thyroid, 
with the exception of malignant histiocyto- 
ma, have a grave prognosis regardless of the 
mode of treatment available at the present 
time. 


SUMMARY 


Fifty-nine cases of cancer of the thyroid 
observed between the years 1950 and 1959 
are presented. Papillary or follicular carci- 
noma of the thyroid without evidence of 
anaplasia can be treated with conservative 
operations with good prognosis. The other 
forms of cancer of the thyroid, such as small 
and giant cell carcinoma, fibrosarcoma, and 
malignant lymphoma, carry a grave prog- 
nosis regardless of the type of surgery or 
irradiation. / 
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THE EFFECTIVENESS OF ‘TREATMENT OF WELL 
DIFFERENTIATED THYROID CARCINOMA 


JOSEPH A. BUCKWALTER, M.D., F.A.C.S., ROBERT T. SOPER, M.D., 
JOHN S. MADARAS, JR., M.D., and EDWARD E. MASON, M.D., F.A.C.S., Iowa City, Iowa 


TuerE is general agreement among inter- 
ested clinicians that surgical methods are 
the most effective in the primary treatment 
of well differentiated carcinoma of the thy- 
roid. Much disagreement exists among these 
same clinicians concerning which operation 
or operations should be performed. 

Among the causes for this disagreement, 
most important is the relatively small num- 
ber of patients with this disease available for 
study. This circumstance makes it difficult to 
assess the factors involved in the pathogene- 
sis of this lesion or to evaluate the results of 
treatment. Most of the published reports 
dealing with treatment are based upon sta- 
tistically insignificant numbers of patients. 
Furthermore, the lack of conformity in the 
classification of the lesions and the absence 
of standardized therapeutic regimens seri- 
ously compromise the validity of any con- 
clusions concerning the end results of treat- 
ment drawn from such studies. The long 
and varied course of this disease further 
complicates attempts to assess the effective- 
ness of therapy. 

This study was undertaken to assess the 
results of surgical therapy objectively in pa- 
tients with well differentiated carcinoma of 
the thyroid. The methods which have been 
employed are described, and the results ob- 
tained from their application are reported. 


MATERIALS AND METHODS 


One hundred and sixty-six patients with 
well differentiated carcinoma of the thyroid 
gland seen at the University Hospitals dur- 
ing the past 35 years provided the clinical 
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material for this study. In all cases the diag- 
nosis was made on the basis of the histology 
of the tissue obtained at the time of opera- 
tion or postmortem examination. The clas- 
sification used recognizes papillary and fol- 
licular variants of well differentiated car- 
cinoma. In general, it agrees with that sug- 
gested by Woolner and his associates. The 
precision of this or any classification is lim- 
ited by the considerable variation in the 
histologic pattern found in different areas of 
the primary and metastatic lesions. Classifi- 
cation was on the basis of the predominant 
histologic pattern. 

All patients are a part of the registry of 
thyroid carcinoma at the University of Iowa 
Hospital. At an interval of 6 months or less, 
each surviving patient is examined in the 
outpatient clinics or is contacted by mail 
by the hospital tumor registry. 

Three clinical stages of well differentiated 
thyroid carcinoma were defined. Stage I 
lesions were those limited to the thyroid 
gland. Stage II lesions involved the regional 
lymph nodes. Stage III lesions were those 
which had spread beyond the regional nodes 
to involve the soft tissues of the neck, had 
invaded the trachea, or had metastasized to 
the lungs, bones, or other soft tissues. The 
stage of the lesion was determined by the 
gross and microscopic pathologic findings 
at the time treatment was initiated. Since 
multiple operations were performed on 57 
patients, it is important to emphasize that 
the clinical stage as defined in this study re- 
fers to the stage of the lesion at the time 
therapy was initiated and was not based 
upon the pathologic findings noted at sub- 
sequent operations or examinations. 
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TABLE I.—SURGICAL THERAPY IN WELL DIFFER- 
ENTIATED THYROID CARCINOMA 


a = — on 
Operation Il I 
Partial thyroidectomy......... vee 
Partial thyroidectomy plus R.N.D..... 
Partial thyroidectomy plus M.N.D..... 
Hemithyroidectomy eer 
Hemithyroidectomy plus R.N.D....... 
Hemithyroidectomy plus M.N.D. 
Total thyroidectomy........ 
Total thyroidectomy plus R.N.D. 
Total thyroidectomy plus M.N.D. 
Biopsy only emeoen 
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R.N.D., Radical neck dissection. 
M.N.D., Modified neck dissection. 


TABLE II.—OPERATIVE COMPLICATIONS 


—_—_____Clinical stages— 
I II Ill 


54 29 
No. of operations... .. os 86 50 
Complications 
Hypoparathyroidism 
Transient 
Permanent... 
Cord paralysis 
Unilateral 
Transient. . 
Permanent. . 


Bilateral 
Permanent 1 


SR ca saadveaehews 9 31 


Survivorship was determined by the 
method described by Berkson and Gage. 
The impact of various types of treatment 
upon survivorship has been examined. When 
appropriate, the data have been analyzed 
for statistical significance by the chi square 
method. A probability of less than .05 was 
accepted as the level of statistical signifi- 
cance. 


RESULTS 

Recorded in Figure 1 are the survival 
data for 86 patients with papillary car- 
cinoma, 80 with follicular carcinoma, and 
59 patients with poorly differentiated car- 
cinoma. The points recorded on the graph, 
used to plot the survival curves, indicate the 
survivorship percentages, or the percentage 
of patients who survived of those patients 
subjected to the risk of dying during the in- 
dicated interval. For example, there were 15 


patients surviving 10 years or more with 
papillary carcinoma. The number of pa- 
tients subjected to the risk of dying during 
the 5 to 10 year interval was 29.5. These 
29.5 patients were composed of 6 who died 
during the interval, one-half of the 17 in 
whom the diagnosis was made more than 5 
years but less than 10 years before, and 15 
patients surviving for more than 10 years, 
The survivorship percentage at the end of 
10 years was 60 per cent. This percentage 
was obtained by multiplying the 5 year 
survival percentage (75.4 per cent) by 
the 5 to 10 year mortality percentage 





( 6 dead during interval 
29.5 exposed to the risk of dying 


= 20.4 per cent 


and subtracting the product (15.4 per cent) 
from the 75.4 per cent 5 year survivorship 
percentage of the patients with papillary 
carcinoma. 

Note the close agreement of survivorship 
percentages (survival curves) for papillary 
and follicular carcinoma. Note how they 
differ from the survivorship data for poorly 
differentiated carcinoma (P < .01). Because 
of the close agreement of the survivorship 
percentages of papillary and follicular vari- 
eties of well differentiated carcinoma, the 
patients with these two types of well differ- 
entiated carcinoma were treated as one 
group in the subsequent analysis of the data. 
Since this study is concerned only with the 
treatment of well differentiated thyroid car- 
cinoma, no further reference is made to the 
59 patients with poorly differentiated car- 
cinoma. 

The surgical methods which have been 
employed in treating the 166 patients are 
indicated in Table I. The complications 
which have occurred are indicated in Table 
II. Most of the total thyroidectomies have 
been performed during the past decade. 
This is due to an increasing awareness of: (1) 
the frequency of the multicentric origin of 
these lesions and (2) the high incidence of 
occult contralateral spread as described by 
Black and associates and Clark and his co- 
workers, respectively. During this same in- 
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terval, there has also been an increasing 
awareness, as pointed out by Thomas, that 
approximately one-third of all well differ- 
entiated thyroid carcinomas are under some 
degree of humoral control. As a result of 
these factors, relatively more patients have 
received thyroid extract and in larger doses 
during the last 10 than during the previous 
25 years. Thirty-two patients who had resid- 
ual carcinoma postoperatively were given 
therapeutic doses of radioactive iodine. 
Fifty-two patients received external irradia- 
tion for residual carcinoma. In Table III 
are recorded the numbers and survivorship 
percentages of the 166 patients with well 
differentiated carcinoma of the thyroid 
gland. The patients have been divided into 
groups by clinical stage, sex, age, and 
method of surgical therapy. The large num- 
ber of the combinations of surgical methods 
used in treating the patients, for example, 
hemithyroidectomy, hemithyroidectomy 
with radical neck dissection, and hemithy- 
roidectomy with modified neck dissection, 
complicates the evaluation of the effective- 
ness of treatment. In order to obtain large 
enough numbers to compute survivorship 
percentages, it was necessary to combine pa- 
tients into therapy groups. 

By examining the data recorded in Table 
III, the reader will be able readily to com- 
pare survivorship in the various groups of 
patients. Using these percentages, survivor- 
ship curves may be constructed as illustrated 
by Figure 1. The total survival data, which 
do not consider the interval that patients 
have survived, are recorded in Table IV. 

Note the close agreement of the survivor- 
ship percentages of the 83 patients with 
stage I and 54 patients with stage II lesions 
at the 1, 3, 5, and 10 year intervals. In con- 
trast, the survivorship percentages of the 
patients with stage III lesions were at least 
20 per cent less at each time interval. The 
difference between the survivorship per- 
centages for stages I and II lesions and those 
for stage III lesions, however, is not statis- 
tically significant; because of the close agree- 
ment of stages I and II lesions, these two 





Papillary 86 70 5+i3 52 5+9 
7+ 


Follicular 80 61 7+7 47 I+10 
9+10 


Poorly Diff. 59 24 9+3 I2 2+3 
3164 | 


“No. followed longer than stated interval 
No. lost from curve because of recency of surgery 
-No. who died during period 


Fic. 1. Pathology and survivorship in patients with 
thyroid carcinoma. 


groups of patients have been combined in 
some of the subsequent analyses. 

Note that the survivorship percentage of 
males at 10 years was 37.3 per cent as com- 
pared with 77.6 per cent for females. This 
difference between males and females is 
highly significant (P <.001). When sur- 
vivorship of male and female patients with 
stages I, II, and III disease is compared, a 
more than twofold advantage of females is 
observed for each stage. 

There was a marked difference between 
the survivorship percentages of patients less 
than 40 years of age and those who were 40 
or more years old when the diagnosis was 
established. All except 1 death, that of a boy 
with heart disease and no evidence of resid- 
ual carcinoma, occurred in the 40 year and 
older age group. This difference in survivor- 
ship is highly significant (P <.001). You 
will note the relationship of age to survivor- 
ship holds for all clinical stages. 

There are two questions which are prob- 
ably of most current interest to the clinician. 
Is total thyroidectomy superior to partial 
thyroidectomy or hemithyroidectomy in the 
treatment of stage I and stage II or curable 
thyroid carcinoma? Given 150 patients with 
stage I and stage II disease, one-third treated 
with partial thyroidectomy, one-third with 
hemithyroidectomy, and one-third with to- 
tal thyroidectomy, a convincing answer to 
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TABLE III.—SURVIVAL PERCENTAGES OF PATIENTS BY CLINICAL STAGE, SEX, AND THERAPY GROUP 


Patient groups 


Stages 
I 


Females III 
Males III 


Age, yrs. 
Less than 40 
40 and more 
Less than 40 I 
40 and more I 
Less than 40 II 
40 and more II 
Less than 40 III 
40 and more III 


Treatment 
Partial thyroidectomy I and II 
Partial thyroidectomy I and II (R.N.D. excluded) 
Hemithyroidectomy I 
Hemithyroidectomy I and II 
Hemithyroidectomy I and II (R.N.D. excluded) 
Total thyroidectomy I 
Total thyroidectomy I and II 
Total thyroidectomy I and II (only R.N.D. cases) 
Radical neck dissection I 


R.N.D., Radical neck dissection. 
M.N.D., Modified neck dissection. 


this question might be forthcoming. How- 
ever, there were not 150 patients available 
for study who were so treated. There were, 
however, 25 patients treated with unilateral 
or bilateral partial thyroidectomy (no total 
lobe excisions), 62 treated with hemithy- 
roidectomy, and 44 who were treated by 
total thyroidectomy with stages I and II 
disease. Survivorship was best and similar in 
the patients treated by total and hemithy- 
roidectomy. Although survivorship in these 
two groups of patients appears better than 
in the patients treated with partial thy- 
roidectomy, the difference is not statistically 
significant. The data suggest no difference 
between total and hemithyroidectomy. In 


No. of 
patients 7 year 


Survival percentages _— ain 
3 years 5 years 10 years 
92.3 86.2 82.0 69.4 
94.1 87.4 82.0 65.6 
93.0 86.6 82.2 68.1 
79.3 61.7 57.7 41.2 


95.2 87.3 85.6 176 
81.1 70.8 63.2 37.3 
96.4 89.7 83.9 79.1 
81.4 76.3 76.3 44.2 
100.0 92.7 92.7 78.4 
84.6 ° 78.8 65.1 46.5 
82.4 70.2 70.2 60.9 
75.0 50.0 40.9 13.6 


100.0 100.0 100.0 100.0 
84.0 70.1 63.6 43.8 
100.0 100.0 100.0 100.0 
87.8 79.0 73.9 56.3 
100.0 100.0 100.0 100.0 
87.2 74.1 64.8 40.1 
100.0 100.0 100.0 100.0 
71.4 47.8 42.5 24.3 


91.8 83.3 78.9 
90.7 80.9 80.9 
90.6 84.9 84.9 
92.9 87.3 87.3 
87.3 80.9 80.9 
100.0 100.0 77.8 
100.0 93.8 85.1 
100.0 92.3 86.9 
100.0 90.0 90.0 
100.0 93.7 89.9 
100.0 92.8 89.7 
100.0 88.9 88.9 
100.0 94.3 90.6 
90.8 85.3 81.0 
88.0 81.8 76.3 


considering these results, it is important to 
remember that 13 of the total thyroidec- 
tomized group had stage I and 31 stage II 
lesions and that 35 of the 44 patients had a 
radical neck dissection in addition to the 
total thyroidectomy. The survival percent- 
ages of the 35 patients who had total thy- 
roidectomy and radical neck dissection were 
somewhat better than the survivorship per- 
centages obtained when the 9 patients who 
had only total thyroidectomy are added. It 
is also of importance to point out that 47 of 
the hemithyroidectomized patients had 
stage I lesions and that 18 of the patients 
who were treated by this method also had a 
neck dissection. The survivorship percent- 
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ages in the hemithyroidectomized patients 
were not altered by adding a neck dissec- 
tion. Twenty-three of the 25 patients treated 
with partial thyroidectomy had stage I 
lesions. Neck dissections were performed in 
only 3 of these 25 patients. 

The second question concerns the place of 
neck dissection in the treatment of thyroid 
carcinoma. In a comparison of the survival 
percentages in patients treated with radical 
neck dissection, observe that the best and 
similar results were encountered in stage I 
and stage III patients. However, there were 
only 12 and 10, respectively, in these groups. 
In interpreting these results, it is important 
to remember that 6 of the 12 stage I patients 
also underwent total thyroidectomy as com- 
pared with 29 of 39 stage II and 8 of 10 stage 
III patients. The survivorship percentages 
of the stage I patients as a whole were better 
than those which excluded the patients with 
neck dissections. The survivorship percent- 
ages of the combined stages I and II patients 
treated with radical neck dissection were 
somewhat better than those of the total 
group of 137 patients with stages I and II 
lesions. The survivorship of the stage III 
patients treated by radical neck dissection 
was considerably better than over-all stage 
ill survivorship. There were 5 stage II pa- 
tients who were treated with modified in- 
complete neck dissections. When these 5 are 
added, the survivorship of the patients with 
stages I and II lesions treated with radical 
neck dissections is improved. 


DISCUSSION 


In 1958, Buckwalter and associates (4) 
published the survivorship data for 63 of the 
patients with papillary, 62 with follicular, 
and 51 with poorly differentiated carcinoma 
of the thyroid. Since then, some of these pa- 
tients have died, all have been followed up, 
and 49 new cases have been added to the 
thyroid carcinoma registry. The survivor- 
ship percentages remain essentially un- 
changed except that now the 10 year sur- 
vivorship percentages of follicular and papil- 
lary carcinoma closely agree. The previous 


TABLE IV.—FOLLOW-UP IN WELL DIFFERENTIATED 
THYROID CARCINOMA 


Clinical stages 
II Ul 





Alive 
ere 7 
Without disease 35 5 


Dead 
1 


Operative 


Metastases 


findings, suggesting better survivorship of 
patients with follicular than with the papil- 
lary type of well differentiated thyroid car- 
cinoma, are best explained on the basis of 
too few cases available for study in 1958. 

The rather surprising close agreement of 
the survivorship data of patients with dis- 
ease limited to the thyroid gland (stage I) 
and of patients with lymph node involve- 
ment (stage II) has an explanation which is 
obvious and attractive, but perhaps not 
correct: that treatment of stage II lesions 
controls the disease sufficiently well so that 
the prognosis becomes just as good as that of 
patients with stage I disease. Other explana- 
tions must be considered. In some stage I 
lesions, undoubtedly there was undetected 
lymph node involvement and the classifica- 
tion should have been stage II. It is unlikely 
that there was a large enough number of 
these cases to explain the close agreement in 
survivorship of patients with stages I and II 
lesions. The biologic behavior of well dif- 
ferentiated thyroid carcinoma may be such 
that with or without lymph node involve- 
ment the prognosis is the same. This would 
be explainable on the basis of undetected 
pathologic and biologic differences whose 
net effect is reflected in the similar survival 
times. 

The striking and statistically significant 
differences in the survivorship percentages 
related to the sex and age of the patients 
were not entirely anticipated, although they 
were suspected because of the findings of a 
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study by Buckwalter (3) of carcinoma of the 
thyroid in children. On the basis of the data 
presented, well differentiated carcinoma of 
the thyroid behaves as an almost benign dis- 
ease in women younger than 40 years of 
age—no deaths in 52—and as a highly 
malignant neoplasm in men 40 years of age 
and older—27 deaths in 38. The mecha- 
nisms involved are not evident. The possibil- 
ity of interaction between sex and age must 
be considered. Well differentiated carcino- 
ma of the thyroid occurs earlier in women 
than in men; the mean age is 42.4 years for 
women and 50.1 years for men. It is possible 
that, although the gross and microscopic 
disease may be the same, the biologic poten- 
tial of the lesions differ in women and men 
and in different age groups. In the article 
dealing with carcinoma of the thyroid in 
children, differences between the biologic 
behavior of well differentiated carcinoma of 
the thyroid in 14 children and 96 adults 
were described. 

A more plausible hypothesis is that the 
pathologic changes and biologic potential 
of the lesions do not differ substantially but 
that the differences reflected by the sur- 
vivorship data related to sex and age result 
from alteration of the biologic potential of 
the lesions by host factors. A clue might be 
provided by comparing the thyroid hor- 
mone responsiveness of carcinoma of the 
thyroid in females and males and in differ- 
ent age groups. 

The effect of both sex and age on sur- 
vivorship is substantially greater than that 
of surgical therapy as it was studied. If a 
control group of untreated patients had 
been available to compare with the groups 
of patients treated by different surgical 
methods, it is conceivable, but unlikely in 
view of our knowledge of the biologic be- 
havior of this lesion, that larger differences 
in survivorship percentages than those asso- 
ciated with sex and age might have been 
found. If the sex ratio or ages of the various 
treatment groups had been skewed from the 
means for all the patients, this would have 
invalidated any attempt to assess the effec- 


tiveness of treatment. The sex ratio of 2 
females to 1 male and the mean ages within 
each patient group were sufficiently con- 
sistent so that comparison of the impact on 
survival of the various methods of surgical 
therapy was feasible. 

Qualified support for the superiority of 
total thyroidectomy and _ hemithyroidec- 
tomy over partial thyroidectomy in treating 
stages I and II lesions is provided by the sur- 
vivorship data. The effect of case selection 
must be considered in addition to the effect 
that radical neck dissection had on the find- 
ings. The relatively larger number of neck 
dissections performed with total thyroid- 
ectomy and hemithyroidectomy would tend 
to improve the survivorship in this group of 
patients as compared with the partial thy- 
roidectomized patients. On the other hand, 
it is plausible to postulate that any selection 
of cases would tend to minimize the survi- 
vorship differences between the patients 
treated by total thyroidectomy and hemi- 
thyroidectomy and those treated by partial 
thyroidectomy, since there was undoubtedly 
some tendency to select patients with the 
larger primary lesions and the longer his- 
tories for the more radical operations. 

The findings likewise provide qualified 
support for the use of radical neck dissec- 
tions in patients with all stages of disease. As 
indicated in the previous paragraph, the 
addition of radical neck dissection to total 
thyroidectomy and hemithyroidectomy may 
well have been responsible for at least part 
of the better survivorship in this group of 
patients. This theory is supported by the 
finding that survivorship was not as good in 
the 44 stages I and II patients treated by 
total thyroidectomy, 9 of whom did not 
undergo neck dissection, as in the 35 pa- 
tients who had both total thyroidectomy 
and neck dissections. Additional support for 
the value of neck dissection is provided by 
the better survivorship of patients with 
stages I and II lesions treated with radical 
neck dissection, regardless of the type of 
thyroidectomy, compared with the over-all 
survivorship of the 137 patients with stages 
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[ and II disease. The superior survivorship 
in the 10 patients with stage III disease 
compared with all stage III patients, and 
the favorable comparison of these findings 
with those in various groups of patients with 
stages I and II disease is probably meaning- 
less. The youngest patients—with a mean 
age of 32.0 years—with the most favorable 
disease were selected for this radical ap- 
proach to advanced disease. Secondly, the 
number of cases available for study is much 
too small to permit meaningful conclusions 
to be reached. The survivorship findings do 
not appear to have been affected in any 
meaningful way by modified neck dissec- 
tions. Only 6 of these procedures were car- 
ried out, 1 in a patient with stage I and 5 in 
patients with stage II disease. 

In Table IV, it is indicated that 5 pa- 
tients with stage III disease survive free of 
disease. Two explanations for this rather 
surprising finding are offered. First, 3 of 
these patients with extensive extranodal soft 
tissue spread perhaps should have been 
classified as stage II. Secondly, in the other 
2 patients in whom pulmonary metastases 
have disappeared, the disease seems com- 
pletely arrested but may, of course, later 
progress. 

It was not possible to assess the therapeu- 
tic impact of external irradiation or radio- 
active iodine. External irradiation has been 
used “prophylactically” in some instances 
in patients with stages I and II disease and 
more often therapeutically in patients with 
stage II or stage III disease with known 
residual carcinoma. Obvious regression of 
gross neoplasm has occasionally been ob- 
served. Since 1949, preoperative radioactive 
iodine surveys and radioautographs on tis- 
sue removed at the time of operation have 
been performed on all patients operated 
upon at the University Hospitals. Radio- 
active iodine has been used prophylactically 
and therapeutically in much the same way 
as external irradiation. The results have 
been disappointing in the relatively few pa- 
tients in whom its use was thought indicated. 
Thyroid hormone has been given in varying 


doses to patients throughout the 35 years as 
replacement therapy and during the past 
decade to suppress thyrotropic hormone 
production. It was not possible to assess its 
therapeutic impact. 

The evaluation of the effectiveness of a 
specific surgical attack is further compli- 
cated by variations of the surgical tech- 
nique. This is true in attempting to evaluate 
the effectiveness of surgical therapy in the 
treatment of any disorder. Partial thy- 
roidectomy, hemithyroidectomy, total thy- 
roidectomy, radical neck dissection, and 
modified neck dissections are not standard 
operations performed in the same way by 
different surgeons, nor are these procedures 
always performed by one surgeon in differ- 
ent patients in the same way. General and 
local factors result in variations in the opera- 
tive technique in different patients. 

At the best, this attempt objectively to 
evaluate the effectiveness of surgical therapy 
in well differentiated carcinoma of the thy- 
roid has been modestly successful. Some of 
the many uncontrollable variables which 
make difficult any attempt to measure ther- 
apeutic results objectively have been dis- 
cussed. It is important to emphasize that 
the only findings of statistical significance 
are those dealing with sex and age. Differ- 
ences in survival percentages between the 
various therapeutic groups are statistically 
insignificant and can only be regarded as 
tentative support for specific operations. 
The findings do not establish the proper 
treatment for this lesion. A more exhaustive 
study of the possible interaction of the 
powerful sex and age factors and their effect 
on response to treatment is clearly indicated 
and is in progress. Iwo recommendations 
are made which are of importance to clini- 
cians interested in this disease and its treat- 
ment. First, the current treatment of this 
lesion is largely empiric. Enthusiastic and 
partisan arguments for any specific thera- 
peutic regimen should be considered with 
skepticism. Secondly, redoubled attempts 
to understand those variables discussed and 
others as yet undefined are indicated. Crile 
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has admirably discussed the present status 
of our knowledge of neoplasm, host, and 
trophic factors as they relate to the clinical 
behavior of the neoplasms; Crile’s article is 
apropos of this discussion. Efforts to under- 
stand the nature of this lesion will be pro- 
moted by careful clinical studies, standard 
methods of data collection, and methods of 
therapy. Only by this approach will a prag- 
matic rather than an empiric basis for the 
treatment of this disorder be established. 


SUMMARY 


An attempt has been made to evaluate 
the effectiveness of surgical therapy objec- 
tively in 166 patients with well differenti- 
ated carcinoma of the thyroid. Three clini- 
cal stages of the disease are defined. A 
method of determining survivorship is de- 
scribed. The effect on survivorship of clini- 
cal stage, sex, age, and surgical therapy is 
reported. Sex and age were found to have 
the most profound effects on survivorship, 
females younger than 40 years old having 
the best and males 40 years and older hav- 
ing much the worst survivorship. Total and 
hemithyroidectomy appear to have been 
equally effective and superior to partial thy- 
roidectomy in treating patients with stages 


I and II lesions. Qualified support for radj- 
cal neck dissection in treating patients with 
stages I and II disease is provided by the 
findings. A plea is made for more critical 
studies dealing with the nature of this dis. 
ease and its response to therapy. The many 
variables which make difficult such studies 
emphasize their importance if the treatment 
of this disorder, which is largely empiric 
today, is to become pragmatic tomorrow. 
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THE AMERICAN JOINT COMMITTEE’S PROPOSED 
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IN ORDER TO DETERMINE the effectiveness of 
a cancer control or treatment program, it 
becomes necessary to classify cancers not 
only as to histology and anatomic site of 
origin but also as to the extent of disease. A 
staging system to permit classification must 
be based upon information equally avail- 
able regardless of form of therapy used. 
With cancers of most sites this requires that 
the stage classification be a “‘clinical’’ one, 
ie., requiring the diagnostic “‘tools”’ avail- 
able to radiologists and surgeons alike. 
The classical example of such a system is the 
International Classification of Cancer of the 
Cervix. This system of cervix cancer staging, 
adopted by the World Health Organization 
in 1950, has been almost universally ac- 
cepted. It allows comparison of survival 
rates by various treatment methods through- 
out the world. It is recognized that a clinical 
staging system cannot approach the accuracy 
of a pathologic classification. However, the 
data obtained from a clinical study re- 
mains statistically significant when the num- 
ber of cases under study is large enough to 
allow the positive and negative differences 
to balance each other and to allow com- 
parisons of groups of cases. 

A method of stage classification of cancer 
other than cervix has not been universally 
accepted. A Committee on “Clinical Stage 
Classification and Presentation of Results” 
of the International Union Against Cancer 

Dr. Jackson, deceased 13 January 1961. 


took up this task in 1953. This group re- 
mains active and at the present time has a 
number of staging protocols under clinical 
trials throughout the world. In the United 
States this problem of stage classification 
was taken under study by a joint committee 
appointed by the American College of Sur- 
geons, American College of Radiology, 
American College of Physicians, College of 
American Pathologists, The American Can- 
cer Society, and the National Cancer In- 
stitute. This Committee appointed subcom- 
mittees to work out methods of classifying 
cancer of various sites. This article reports 
the study of the Subcommittee on the 
Larynx and will present its proposed 
method of staging cancer of the larynx. In 
addition, it will present the results of the 
use of this staging method in the study of 600 
cases of laryngeal cancer. 


CLINICAL STAGE CLASSIFICATION OF CARCINOMA 
OF THE LARYNX 


Laryngeal cancer is almost always an epi- 
dermoid carcinoma. Occasionally, other his- 
tologic types do occur but should not be 
included in the classification of the larger 
group of epidermoid cancers. It is under- 
stood that only those patients with a histo- 
logically proved primary tumor are to be 
included. 

The stage classification presented is a clini- 
cal one and is based upon the anatomic ex- 
tent of disease found at the time of the first 
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TABLE I.—CLASSIFICATION OF LARYNGEAL CANCER 
ACCORDING TO THE ANATOMIC SITE OF ORIGIN 
AS DIVIDED INTO 3 REGIONS 


Supraglottic Glottic Subglottic 


Ne ee 


Posterior surface of True vocal cords Subglottic region, 
epiglottis(including (rt. and left), an- exclusive of the 
the tip), aryepiglottic terior glottic com- under surface of 
fold, arytenoid, ven- _—missure. true cords. 
tricular bands (false 
cords), ventricular 
cavities (rt. and left). 


— Ti TUMOR CONFINED TO 1 ANATOMIC SITE WITHIN THE LARYNX — 
Tumor confined to 


laryngeal surface of 
epiglottis, or to an 


Tumor confined to Tumor limited to 
one vocal cord and _ one side of the 
motility of cord re- subglottic region, 

aryepiglottic fold or mains normal. exclusive of the 

arytenoid, or to a under surface of 
ventricular cavity or cord. 

a ventricular band. 


T2 TUMOR CONFINED TO 1 ANATOMIC REGION WITHIN THE LARYNX 

Tumor involving the 
epiglottis, extending 
to the ventricular 
cavities or bands. 


Tumor involving Tumor extending 
both cords with to two sides of 
normal motility of | subglottic region, 
cords, or tumor of — exclusive of the 
one or bothcords — under surface of 
with fixation of cords. 
cord. 


T3 TUMOR EXTENDING BEYOND 1 ANATOMIC REGION BUT 
—_._...CONFINED TO THE LARYNX __ 


Tumor of the epi- 
glottis and/or ventri- 
cles or ventricular 


Tumor extending 
from cords either 
to subglottic re- 

bands, and extending gion or to supra- 

onto the cords. 


Tumor involving 
the subglottic re- 
gion and extend- 
ing onto the 

glottic region, i.e., cords. 

to ventricular 

bands or ventri- 

cles. 


_ T4 TUMOR EXTENDING BEYOND THE LARYNX 
Tumors asin T1,T2, Tumors asin T1, Tumors as in T1, 
or T3 but with direct T2,orT3 but with T2, or T3, but 
extension to pyriform direct extension with direct exten- 
sinus, postcricoid re- _ through cartilage sion to trachea, 
gion, vallecula, or to skin, to the skin, or postcri- 
base of tongue. pyriform sinus, or _coid region. 
to the postcricoid 
region. 
LYMPH NODE METASTASIS 
No—No clinically palpable cervical lymph node metastasis. 


N,—Clinically palpable cervical lymph node(s) metastasis that are 
not fixed. 


Ne—Clinically palpable lymph node(s) metastasis that are fixed. 
Mo—No distant metastasis. 


M;—Clinical and/or radiographic evidence of metastasis except to 
the cervical lymph node regions. 


examination prior to any treatment. Treat- 
ment failure cases that are being considered 
for additional supplementary therapy can- 
not be classified with the group of patients 
who were untreated. 

The information necessary to classify a 
laryngeal cancer is derived by indirect mir- 
ror laryngeal examination or a direct exami- 
nation of the primary site with a laryngo- 


scope, diagnostic roentgenographic studies, 
and a biopsy of the primary tumor. In addi- 
tion, digital palpation of the neck is neces- 
sary to establish the clinical diagnosis of the 
presence or absence of cervical lymph node 
metastasis. Complete physical examination, 
including roentgenographic studies, will 
demonstrate any clinical evidence of dissemi- 
nation beyond the primary site and regional 
lymph node areas. 

The classification follows the general for- 
mat of the International Union Against 
Cancer—Commission on Clinical Stage 
Classification. It defines the extent of disease 
in terms of three components: (1) the pri- 
mary tumor designated by the letter T, (2) 
the regional lymph nodes designated by the 
letter N, and (3) distant metastasis desig- 
nated by the letter M. 

It is recognized that it may be desirable 
in individual studies to include additional 
information based upon histologic study of 
operative specimens. These studies could 
apply to the extent of disease found at the 
primary site (T) and in the regional lymph 
node areas (N). It is suggested that a (p) 
be placed before the T and N if the extent 
of the cancer has been histologically con- 
firmed. Such a classification must be con- 
sidered in addition to the clinical group 
staging and is comparable only to those 
groups that have similar histologic con- 
firmation. 


DEFINITION OF THE ANATOMIC LIMITS OF THE 
LARYNX 


1. The anterior limit is constituted by the 
posterior surface of the epiglottis, the ante- 
rior commissure, and the anterior wall of 
the subglottic region, which is composed of 
the thyroid cartilage, the cricothyroid mem- 
brane, and the anterior arch of the cricoid 
cartilage. 

2. The posterior lateral limits include the 
aryepiglottic folds, the arytenoid region, the 
interarytenoid space, and the posterior sur- 
face of the subglottic space represented by 
the mucous membrane covering the cricoid 
cartilage. 
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3. The superior lateral limits are consti- 
tuted by the tip and the lateral border of 
the epiglottis. 

4. The inferior limits are constituted by 
a plane passing through the inferior edge of 
the cricoid cartilage. 

This anatomic definition of the larynx 
allows classification of epidermoid carcino- 
mas arising in the mucous membranes of the 
sites mentioned but excludes those cancers 
arising on the lateral or posterior pharyngeal 
wall, postcricoid area, and the vallecula or 
base of the tongue. 

The larynx is divided into the anatomic 
regions and sites which are noted in the 
following: 

1. In the supraglottic region, the sites are: 
posterior surface of the epiglottis, including 
the tip of the epiglottis and aryepiglottic 
fold (marginal zone); the right and left ary- 
tenoids; the right and left ventricular bands; 
as well as the right and left ventricular 
cavities. 

2. In the glottic region, the sites are the 
right and left vocal cords and the anterior 
commissure. 

3. In the subglottic region, the sites are 
the right and left wall of the subglottis. 

The definitions of T, N, and M categories 
for larynx are given in Table I. 

Combination of the various T, N, and M 
categories from the 3 regions allows grouping 
of cases as defined by the anatomic extent of 
cancer. The more than 30 possible combina- 
tions make an unnecessarily complex divi- 
sion of cases, and one that would usually 
divide the case material into numbers too 
small to be of significance. In a preliminary 
trial it was demonstrated that lymph node 
metastasis was the single most important 
factor in determining prognosis. 

On this basis, therefore, it was proposed 
that the various T, N, M groupings be com- 
bined as outlined in the following to divide 
the cases into the usual 4 stages of disease. 


Stace 1 Ty, No, Mp. 
Tumors confined to one vocal cord, with 
motility of cord maintained. 

(Or) Tumor confined to laryngeal side of epi- 


glottis, tip of epiglottis, or to a ventricular 

band or a ventricular cavity, or to an 

aryepiglottic fold, or to an arytenoid. 

Tumor confined to one side of the subglottic 

region, exclusive of the under surface of the 

cord. 

With no clinically palpable cervical lymph node 

metastasis. (T1, No, Mo) 

Stace 2 Ta, No, Mb, or T3, No, Mo, or ta No, Mp. 

Tumor involving both cords, with normal 

motility of the cords, or tumor involving one 

or both cords with loss of motility of the 
cords. 

Tumor of the supraglottic region that in- 

volves the epiglottis and ventricular bands 

or cavities. 

Tumor involving two sides of the subglottic 

region, exclusive of the under surface of the 

cords. 

With no clinically palpable cervical lymph node 

metastasis. (T2, No, Mo) 

(Or) Tumor involving the vocal cords as in T}, or 

To, stage 2, but extending into the subglottic 

region or onto the ventricular bands or space. 

Tumor of the epiglottis, aryepiglottic fold, 

arytenoid, ventricles or ventricular bands 

that extends to involve the true cords. 

Tumor of the subglottic region that extends 

onto the vocal cords. 

With no clinically palpable cervical lymph node(s) 

metastasis. (T3, No, Mo) 

(Or) Primary tumors as in T), T2, stage 2, or T; 
that have extended beyond the larynx; i.e., 
to base of tongue, to pyriform sinus, to post- 
cricoid region, into trachea, or through 
cartilage to skin. 

With no clinically palpable cervical lymph node 

metastasis. (Ty, No, 

STAGE 3 Ti, Ni, Mo, or T2, Ni, Mo, or in Ni, Mp. 

Primary tumor as in stage 1, with clinically 

palpable cervical lymph node(s) metastasis 

that is not fixed. (T:, Ni, Mo) 

Primary tumor as in T», stage 2, with clinical- 

ly palpable cervical lymph node(s) metastasis 

that is not fixed. (T2, Ni, Mo) 

Primary tumor as in T3, stage 2, with clinical- 

ly palpable cervical lymph node(s) metastasis 

that is not fixed. (T3, Ni, Mo) 

STAGE 4. 

Primary tumor as of T,, stage 2, with clinical- 

ly palpable cervical lymph node(s) metastasis 

that is not fixed. (Ty, Ni, Mo) 

Primary tumor of larynx as described in 

stages 1, 2, or 3, that has clinically palpable 

cervical lymph node(s) metastasis that is 
fixed. (Ti, T., Ts, Ty N32, Mo) 

Any primary tumor of larynx that is associ- 

ated with distant metastasis. (T;, Ts, Ts, 

Ty Mi) 


(Or) 


(Or) 


(Or) 


(Or) 


(Or) 


(Or) 


(Or) 


(Or) 


(Or) 


The applicability and usefulness of this 
proposed stage classification of carcinoma of 
the larynx was tested in a trial run involving 
600 cases of laryngeal cancer. Seven different 
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TABLE II.—FOLLOW-UP RESULTS, STAGE 1 








rs. 
20 


TABLE III.—FOLLOW-UP RESULTS, STAGE 1, BY THERAPY 


99 


120 





Died free No. of Per cent 
of cancer determinant 5 yr. 
before 5 yrs. cases survival 
7 30—7 =23 20/23=87 
13 135—27=108 99/107=92 
1 0 1—0=1 1/1=100 
20 166—34=132 120/132=91 





Living 
No. of Died of 3 
Region patients cancer ws. 
Supragl. 30 3 
Glottic 135 9 (14) 
Subgl. 1 0 
Total 166 12 (14) 
No. of Died of 
Therapy Region patients cancer 
Radiation Supragl. 7 1 
Glottic 38 1 
Subgl. 
Total 45 2 
Rad. + surg. Supragl. 1 
Glottic 3 1 
Subgl. 
Total 4 1 
Total laryngectomy Supragl. 18 1 
Glottic 8 1 
Subgl. 
Total 26 2 
Partial laryngectomy Supragl. 4 1 
Glottic 85 5 
Subgl. 1 
Total 90 6 
Surg. + rad. Supragl. 
Glottic 1 1 
Subgl. 
Total 1 1 
Total 166 12 


Died free of No. of Per cent 
——Living cancer before determinant 5 yr. 
3 yrs. 5 yrs. 5 prs. cases survival 
4 2 7—2=5 4/5 
(10) 21 6 38 —16 =22 21/22 
(10) 25 8 45—18 =27 25/27 =91 
1 1 1/1 
2 3 2/3 
3 4 3/4=75 
13 a 18—4=14 13/14 
6 1 8-—1=7 6/7 
19 5 26—5 =21 19/21 =90 
2 1 4-1=3 2/3 
(4) 70 6 85 —10=75 70/75 
1 1 1/1 
(4) 73 7 79 73/79 =91 
1 0/1 
0/1 
(14) 120 20 132 120/132 =91 


Total stage 1 treatment by radiation=31; 28 living 5 yrs., 28/31 =90 per cent. 
Total stage 1 treatment by surgery=100; 92 living 5 yrs., 92/100=92 per cent. 


institutions engaged in the treatment of this 
disease co-operated with the Committee by 
applying the staging method in a group of 
their laryngeal cancers." 

The instructions given to the classifying 
physicians were the same as those given in 
the foregoing. Each of the 7 institutions re- 
ported no difficulty in understanding the 
method. It was noted that physicians with 
no experience in this area found it easy to 
classify cases according to the T, N, M, 
method. One observer noted that it required 
5 to 8 minutes per chart, and that after 


1The following physicians co-operated in this study by pro- 
viding individual protocol slips giving the T. N. M. classifica- 
tion, treatment given, i.e., radiation, surgery, type of surgery, 
and follow-up information as to outcome: oo Blady, 
Temple University Hospitals, Philadelphia; Dr. Ralph Caulk, 
Washington Hospital Center, Washington, D.C.; Dr. J. A. del 
Regato, The Penrose Cancer Hospital, Colurado Springs; Dr. 
Edgar Frazell, Memorial Hospital, New York; br. Arthur 
James, Ohio State University Hospital, Columbus; Dr. Condict 
Moore, Louisville General Hospital, Louisville; and Dr. William 
Russell, M. D. Anderson Hospital, Houston. 


experience with the code sheet the method 
would be even more quickly applied. An- 
other described the method as “‘very simple, 
helpful, and accurate,”’ and “the stage clas- 
sification is a simple one and therefore com- 
mendable.”’ 

The 7 physicians returned a total of 617 
protocol slips. Seventeen of these could not 
be used because they were incompletely filled 
out, or the follow-up period was less than 
3 years. The remaining 600 were then ana- 
lyzed as to T, N, M stage, therapy, and re- 
sults of therapy. These data are presented 
in Tables II to XII. 

In all the tables, information as to the 
number of patients, those who died of the 
laryngeal cancer, those living 3 and 5 years, 
and the number who died free of laryngeal 
cancer was derived from the individual pro- 
tocol slips. The number of “determinant” 
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TABLE IV.—FOLLOW-UP RESULTS, STAGE 2 


No. of 
patients 
20 
41 
1 
62 


26 
138 
7 
171 


42 
6 
2 


50 
283 


Died of 


cancer 


3 


_ w 
eHrnn Grnsu wow 


18 
63 





(5) 
(1) 
(6) 
(2) 
(6) 
(1) 
(9) 


(3) 


(3) 
18 


Living 
3 yrs. 


5 yrs. 


15 
26 

0 
41 


13 
82 
2 
97 
21 
4 
1 
26 


164 





TABLE V.—FOLLOW-UP RESULTS, STAGE 2, 
Died 


Region 
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Glottic 
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Glottic 
Supragl. 
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Supragl. 
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Died free of No. of de- 
cancer before lterminant 
5 yrs. cases 
2 20 —2 =18 
5 41—10=31 
0 1—1=0 
7 49 
6 26—8 =18 
20 138 —25 =113 
2 7-3=4 
28 171 —37 =134 
3 42-6 =36 
0 6 
2 
3 50—6 =44 
38 227 
BY THERAPY 
Died No. of 
before determinant 
5 yrs. 5 yrs. cases 
2 
7 
1 1 
10 1 15—3 =12 
11 1 
11 
8 4 
1 1 
31 6 47 —10 =37 
3 0 
2 1 
1 0 
1 1 
0 0 
7 2 19-6 =13 
10 1 
8 5 
69 17 
1 2 
1 1 
1 0 
0 0 
90 26 152—31 =121 
0 1 
1 
0 
1 1 9—3=6 
9 0 
3 0 
1 0 
11 2 
1 0 
0 0 
25 2 41 —3 =38 
18 4 31 
146 34 196 
164 38 227 


Per cent 
5 yr. 
survival 
15/18 
26/31 
0 
41/49 =84 


13/18 
82/113 
2/4 
97/134 =72 


21/36 
4/6 
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26/44 =60 


164/227 =72 
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5 yr. 
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TABLE VI.—FOLLOW-UP DATA, STAGE 3 
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TABLE VII.—FOLLOW-UP RESULTS, STAGE 3, BY THERAPY 
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TABLE VIII.—FOLLOW-UP RESULTS, STAGE 4 


No. of 
patients 


Died of 


cancer 


13 


13 
71 





3 yrs. 


(3) 


(3) 


(3) 


Living 





5 yrs. 


20 


Died free of 


cancer before 


5 yrs. 


3 
1 


4 


No. of 
determinant 
cases 


33 —4=29 


39 
46 


No. of 
determinant 
cases 


14 
91 


Per cent 
5 yr. 
Survival 


4/10 =40 


6/7 


6/7 =85 


7/17 
4/12 
0 
11/29 =38 


21/46 =45 


Per cent 
5 yr. 


survival 


4/10 =40 


6/7 =85 


11/29 =38 


2/7 =28 
19/39 =48 
2/46 =45 


Per cent 
5 yr. 
survival 


18/74 
1/2 
0/1 

19/77 =25 


1/14 


1/14=7 
20/91 =22 
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cases was Calculated by subtracting the num- 
ber of patients living 3 years but less than 5 
years and those who had died in less than 
5 years free of laryngeal cancer from the 
total number of patients studied. ‘The per- 
centage of 5 year survivals was then based 
upon those living 5 years compared with the 
number of determinant cases. 

RESULTS 

The 600 laryngeal cancers studied con- 
sisted of 253 in which the site of origin was 
in the supraglottic region, 335 in the glottic 
region, and only 12 could be classified as 
subglottic in origin. 

Table II summarizes the information ob- 
tained with stage 1 cancers, i.e., T; No Mo. 
One hundred and thirty-five (80 per cent) of 
the 166 cases were glottic in origin and con- 
sisted of the common cord lesion. It is inter- 
esting to note that cancers of supraglottic or- 
igin, when limited in size and extent so as to 
allow classification as T;, seem to carry al- 
most as good a prognosis as a glottic cancer 
limited to the cord (87 versus 92 per cent 
5 year survival) and can, therefore, be added 
to the glottic cases in calculating survival. 

Table III presents the stage 1 cases ana- 
lyzed as to the therapy received. Radiation 
and surgery were equally effective in con- 
trolling these cases, and if survival alone was 
the determining factor, there would be no 
choice. In 3 of the 4 radiation failures, sur- 
gical excision was still effective in giving a 
5 year survival. 

Stage 2 consists of a larger group of cases 
in which extent of cancer covered by T2 No, 
T; No, and Ty No can be individually ana- 
lyzed, or the group combined in an over-all 
staging of laryngeal cancer cases. The 283 
patients in this group had 88 supraglottic, 
185 glottic, and 10 subglottic cancers. Table 
IV presents the follow-up data on these pa- 
tients. Note the stepwise decrease in survival 
as the disease extends beyond one site to the 
areas adjacent to the larynx, i.e., T; No= 
84 per cent; T; No=72 per cent; Ty No=60 
per cent. The important observation was 
that even when the cancer extended beyond 


TABLE IX.—FOLLOW-UP RESULTS, STAGE 4, BY 
THERAPY 
No. Died _Living. Died No. of Per cent 
of of 3 35 free of determinant Syr. 
patients cancer yrs. yrs. cancer cases survival 
Radiation 32 32 0 O 0 32 0 
Surgery 66 39 3 20 4 66—7=59 20/59=34 


TABLE X.—EFFECT OF THERAPY ON SURVIVAL 
OF 600 LARYNGEAL CANCER PATIENTS 
No.of No. of deter- Surviving Percent, 5yr. 
Treatment patients minant cases 5 yrs. survival 
Surgery 
Stage 1 116 100 92 92 
Stage 2 240 196 146 75 
Stage 3 45 39 19 48 
Stage 4 66 59 20 34 
Totals 467 394 277 70 
Radiation 
Stage 1 45 27 25 92 
Stage 2 32 26 15 58 
Stage 3 4 4 1 25 
Stage 4 32 32 0 0 
Totals 89 41 46 
Radiation 
and surgery 
Stage 1 
Stage 2 
Stage 3 
Stage 4 
Totals 
Total cases 
Stage 1 132 120 
Stage 2 164 
Stage 3 53 46 21 
Stage 4 98 91 20 
Totals 600 496 325 


TABLE XI.—TYPES OF SURGERY 


No. of Per cent 
No.of determinant No. 5 yr. 
patients cases surviving survival 


Partial laryngectomy 116 102 94 92 
Total laryngectomy 214 173 129 75 
Total laryngectomy+ 

neck dissection 137 119 54 45 


Totals 467 394 277 70 


the larynx (T, No), modern therapy salvages 
60 per cent of the patients as long as lymph 
node metastasis has not occurred. 

Table V gives a breakdown of the stage 2 
cases by therapy. As the disease increased 
in extent, surgical therapy was more com- 
monly used. Two hundred and forty of the 
283 stage 2 patients were treated by a form of 
laryngectomy with a 75 per cent 5 year sur- 
vival rate. Radiation therapy was less effec- 
tive, giving a 58 per cent survival in 43 pa- 
tients. However, as with the stage 1 lesions, 
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TABLE XII.—151 PATIENTS WITH LYMPH NODE METASTASES IN 600 LARYNGEAL CANCERS 


Treatment 


Surgery 


Region 


Supragl. 


Glottic 


TiN: 
T2N1 
T3N1 
TaN: 
TsNi 
TaN 


No. of 
patients 
11 
7 
19 
60 


Died of 
cancer 
6 
0 
9 
36 
5 
1 


— 


3 yrs. 5 yrs. 


3 
(1) 6 
7 
(3) 18 
3 
1 


Died free of 
cancer before 
Jd yrs. cases 

2 9 

0 6 

16 

54 

8 


? 


No. of 


determinant 


Per cent, 5 yr, 
Survival 
3/9 
6/6 
7/16 
18/54 
3/8 
1/2 


Totals 57 


Supragl. TiNi 0 
T2Ni 1 
T3sNi 1 
TaN 20 
Glottic T3Ni 3 
Subgl. TaN: 1 


Radiation 


Totals 
All Ni cases ; 83 


All Ne cases 
Supragl. 13 


All Ni+Nge cases 151 96 
(25 per cent of all cases studied) 


radiation therapy remained highly effective 
in the more limited cases (T2 No=83 per 
cent) which was the same salvage rate as 
obtained with surgery. When the cancer ex- 
tended beyond the larynx (T No), radiation 
was not effective; only 1 individual in 6 lived 
5 years. 

The most important factor in determining 
outcome of therapy in this group of 600 
laryngeal cancers was the presence or ab- 
sence of clinically palpable cervical lymph 
node metastases. When they occurred, sur- 
vival dropped to 40 per cent even when the 
local disease would allow a ‘T; designation. 
Table VI presents data on these stage 3 can- 
cers consisting of T, Ni, T: Ni, and T 3 Ni. 
These categories of cancers gave a 5 year 
salvage of 38 to 40 per cent. Forty-one of the 
53 patients in this stage group had supra- 
glottic tumors. The 12 glottic tumors seemed 
to have the same biologic behavior as the 
more common supraglottic cancers. Table 
VII gives the breakdown of stage 3 cancers 
by therapy. Forty-five of the 53 patients re- 
ceived surgical therapy with an over-all sur- 
vival of 48 per cent. 

When a palpable cervical lymph node 
metastasis is combined with extension of the 
cancer beyond the larynx (T, N;), the 5 year 
salvage drops to 25 per cent (Table VIII). 
When the neck nodes were fixed to the sur- 


38 95 38/95 


40/123=32 


1/14 =7 
(5) 41/137=30 


rounding structure only 1 patient in 14 was 
alive at 5 years. It is interesting to note that 
94 of the 98 stage 4 cancers were of supra- 
glottic origin. Excisional therapy still gave 
a 34 per cent 5 year salvage in this group, 
whereas there were no survivors in 32 pa- 
tients with stage 4 cancers treated by irra- 
diation (Table IX). The median survival 
time was twice as long in those who died 
after failure of surgical therapy as in those 
treated by radiation—14.7 months for the 
surgically treated and 7 months for those 
treated by radiation. 


CERVICAL LYMPH NODE METASTASIS 


In the 600 patients studied, there were 151 
(25 per cent) who had clinically palpable 
cervical lymph node metastasis at the time 
of examination prior to therapy (Table XII). 
In 135 of these (89 per cent), metastases 
were of supraglottic origin; 15 were from 
glottic cancer; and only 1 subglottic cancer 
was noted to give rise to a regional node 
metastasis. 

When the node metastases were not fixed 
to the surrounding structures, excisional 
therapy still gave a 40 per cent 5 year sur- 
vival. However, when the nodes were fixed, 
prognosis was very poor; only 1 in 14 pa- 
tients survived 5 years. 

A summary of the effect of therapy on 
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survival is given in Table X. In this group 
of 600 cases, surgery was the choice of ther- 
apy in 467 (78 per cent) and gave an over-all 
70 per cent 5 year survival. The radiation 
group consisted of 113 patients and was 
associated with a 46 per cent survival rate. 
When both forms of therapy were combined, 
the salvage rate was 54 per cent. The per- 
centage of patients treated who became de- 
terminant cases was about equal in both 
groups, being 394 of 467 (82 per cent) in 
the surgery group and 89 of 113 (79 per 
cent) in the radiation group. 


The types of surgery performed are given 
in Table Xf. 


DISCUSSION 


The experience of classifying 600 laryngeal 
cancers according to a proposed method of 
the American Joint Committee on Cancer 
Staging and End Results Reporting has dem- 
onstrated that the system is feasible and easy 
to use, and that it provides information of 
value in studying the biologic behavior and 


results of therapy of this type of cancer. No 
distant metastases were encountered in the 
600 patients at the time they were examined 
for initial therapy. Since this study has been 
completed, 1 patient with distant dissemina- 
tion has been seen. It is apparent, however, 
that cancer of the larynx remains localized 
for a long period of time. This statement 
should not be misinterpreted to mean that 
distant metastases do not occur, for any au- 
topsy study on a series of laryngeal cancers 
will contain numerous instances of such 
spread. In a recent study of such cases at 
the National Institutes of Health, 5 of 7 pa- 
tients with laryngeal cancer had spread of 
the disease below the clavicle. 

Most physicians experienced with the 
therapy of laryngeal cancer believe that 
cancers of the true cord (glottic) have a 
much better prognosis than those from other 
areas. In the present study, the truth of this 
theory is demonstrated by the fact that a 
majority of the supraglottic cancers consti- 
tuted the higher stages of classification. This 
circumstance resulted in a lower over-all 


survival value of the supraglottic cancers, 
i.e., in 253 supraglottic cancers there were 
217 determinant cases with 105 survivors 
(48 per cent); while in 335 glottic cancers, 
277 were determinant and 216 patients 
were alive at 5 years (82 per cent). 

One of the most important observations 
noted in the study was the effect of clinically 
palpable cervical lymph node metastases on 
prognosis. Eighty-nine per cent or 135 of the 
151 cases in which there was clinical evi- 
dence of lymph node metastases were of 
supraglottic origin and resulted in 36 five 
year survivals (29 per cent). When supraglot- 
tic cancer was not associated with lymph 
node metastasis, survival was 69 of 93 (74 
per cent). This finding is comparable in the 
glottic cancers without metastases in which 
80 per cent 5 year survival—211 of 263— 
was noted. It would seem that the generally 
accepted clinical opinion of an unfavorable 
prognosis associated with supraglottic can- 
cer is related to the propensity of those can- 
cers to metastasize early to the cervical 
lymph nodes. 

Although this study was not undertaken 
to show effect of any special therapy, it did 
demonstrate the equal effectiveness of radia- 
tion and of surgery in controlling early 
laryngeal cancer. When the cancer extended 
beyond stage 1, surgery was shown to give a 
greater number of 5 year survivals in this 
group of patients studied. 

The over-all survival rate of 65 per cent 
for the 600 patients in this study is consider- 
ably better than anticipated. The possibility 
of the 600 cases representing special selec- 
tion was considered but could not be 
proved. It would appear that laryngeal can- 
cer does carry a better prognosis than other 
head and neck mucous membrane cancers. 
In fact, even in extensive bulky cancers 
without lymph metastases (T,No) the sur- 
vival rate is 65 per cent when treatment is 
by surgical excision. The discouraging re- 
sults appeared when the tumor demon- 
strated its ability to metastasize (N; or Ne 
cases) and was associated with a 30 to 40 
per cent survival. 
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The use of this method of stage classifica- 
tion was found to be of value for it made it 
possible to demonstrate factors in the bio- 
logic behavior of this type of cancer. The 
usefulness of the T, N, M method is appar- 
ent from the study of the tables in which the 
fine or more gross division of cases can be 
accurately studied depending upon the 
volume of material available for review. It 
is realized that any method of classification 
is an arbitrary division of cases so as to 


bring together those with similar behavior 
under methods of management in vogue at a 
given time. As treatment methods change, 
the significance of individual biologic fac- 
tors may change the desirability of using any 
single factor as a criterion of classification. 
At the present time, the staging of cases ac- 
cording to the proposed outline gives a 
reasonable spread of survival of 90 per cent 
for stage 1, 70 per cent for stage 2, 40 per 
cent for stage 3, and 20 per cent for stage 4. 
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A REVIEW OF 50 PATIENTS WITH FISSURE IN ANO 


c. W. GRAHAM-STEWART, M.B., F.R.C.S., R. K. GREENWOOD, M.B., F.R.C.S., and 
R. W. LLOYD-DAVIES, M.B., London, England 


AcUTE FISSURE IN ANO is a common condi- symptoms, and 1 with a chronic fissure. 
tion which causes distressingly severe symp- Operation was recommended for 5 patients, 
toms. Treatment varies more with the indi- 3 with chronic fissures, 1 in whom stretch- 
vidual surgeon’s views than the clinical ing failed, and 1 whose condition was 
findings and may consist of injection of a __ worsened by stretching. 
local anesthetic agent, internal sphinc- The results of stretching of the sphincter 
terotomy under local or general anesthesia, in 37 patients were: excellent in 18, very 
or stretching of the sphincter under a gen- __ good in 10, satisfactory in 2, failed in 1, 
eral anesthetic. In this series of 50 consecu- made worse in 2, and 4 patients defaulted. 
tive patients seen in the rectal clinic of a There were no anesthetic complications 
general hospital, the policy of stretching the __ in these 37 patients. 
sphincter under general anesthesia in out- Instances of incapacitating symptoms 
patients has been adopted in all patients after defecation were assessed as severe and 
complaining of severe symptoms and in the _ of very unpleasant pain as moderate. 
majority of those with moderate pain. The The passage of the first postoperative stool 
patients with mild symptoms have been usually caused some pain, but thereafter 
treated with 1 per cent nupercaine sup- the immediate cure of symptoms was re- 
positories. garded as an excellent result, marked im- 
provement followed speedily by cure as 
very good, and slow but eventual cure as 
Twenty-five patients were between the _ satisfactory. Of the 2 patients whose condi- 
ages of 20 and 40 years, 17 were between 40 tion was worsened by stretching, acute 
and 60, and 8 were more than 60 years old. perianal suppuration developed 1 week 
The ages ranged from 20 to 76 years. There later in one and the other was admitted the 
were 29 males and 21 females. Five patients same day with acute urinary retention and 
had a previous history of fissure in ano. prolapse of hemorrhoids. In the latter pa- 
The duration of symptoms was under 2 _ tient it is doubtful as to whether the stretch- 
weeks in 11 patients, 2 to 6 weeks in 4, and ing was sufficiently forceful. It is more 
more than 6 weeks in 35 patients. The symp- _likely that the condition of the 4 defaulters 
toms were assessed as severe in 20 patients, had been improved than that they had 
moderate in 24, mild in 3, and chronic in 3. sought treatment elsewhere. 
The position of the fissure was: posterior 
in 42 patients—26 males and 16 females; PSCUSSION 
anterior in 6—2 males and 4 females; Choice of treatment. Stretching of the 
doubtful in 2 patients. sphincter has been the traditional treatment 
Palliative treatment was used in 10 pa- for acute fissures in this clinic for many 
tients, 3 with mild symptoms and 7 with years. There are two main reasons for this: 
moderate symptoms. Treatment consisted (1) the belief that the treatment is effective 
of stretching of the sphincter in 37 patients, | —we think that the results of this survey 
20 with severe symptoms, 16 with moderate amply confirm this clinical impression; (2) 
From the Rectal Clinic, St. Thomas’s Hospital, London. because efficient arrangements are made for 
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the stretching to be performed by a senior 
house officer after the clinic—this method 
allows the necessary time to elapse between 
the patient’s last meal and the administra- 
tion of a general anesthetic and the pro- 
cedure does not delay the running of the 
clinic. The patients were anesthetized with 
cyclopropane. In the technique used, 4 
fingers were inserted into the anal canal and 
distracted laterally with considerable force 
until the skin and muscles would “‘give” no 
further. This distraction was maintained for 
about 10 seconds. 

Duration of symptoms. It is surprising that 
only 22 per cent of the patients sought treat- 
ment within 2 weeks of the onset of symp- 
toms whereas 70 per cent had been suffering 
from pain for over 6 weeks. Obviously, a 
proportion of patients are referred to the 
hospital early on account of the severity of 
their symptoms. Most of ‘those reporting 
late have either had to wait for an appoint- 
ment, or have been treated initially by their 
general practitioners and referred after 
palliative measures failed. Many fissures 
must heal with conservative treatment and 
the patients are not, therefore, referred to 
the hospital. 

The pathology of acute fissure in ano. Fissure 
in ano is generally considered to be the 
result of a tear in the pecten caused by the 
passage of a hard stool, or occasionally 
abrasion by a sharp foreign body projecting 
from the stool. It is known that this area of 
specialized squamous epithelium is acutely 
sensitive, and subsequent spasm of the anal 
sphincter is thought to account for the 
failure of fissures to heal, as would similar 
lesions elsewhere in the skin. 

Manometric assessment of the amount of 
spasm in the anal sphincter in the presence 
of an acute fissure throws doubt on whether 
muscle spasm plays more than a very small 
part in the perpetuation of the acute fissure. 
By the use of an intra-anal diaphragm (Fig. 
1), the resting tone of the sphincter has been 
measured in 6 cases in which rectal ex- 
amination was resisted and caused pain. 
The clinical observation that there was 


marked spasm of the sphincter would have 
been valid if the grip of the muscle had been 
shown to be above the average level, which 
in a series of 10 normal men, using this par- 
ticular apparatus, is 47 millimeters of mer- 
cury. In the 6 cases the average grip was 
49 millimeters of mercury. Patients with 
acute fissures were noted to have a variation 
of grip of about 12 millimeters of mercury 
above and below the mean reading, in- 
dicating irritability of the sphincter, where- 
as in the control cases the grip of the 
sphincter was remarkably steady. This 
difference in sphincter behavior is not sur- 
prising as the passage of the instrument 
caused some pain in the patients with 
fissures, but after insertion discomfort was 
minimal. It is submitted that sphincter 
spasm may be present during the acutely 
painful period after defecation but that it is 
not likely to be present all the time and is 
induced, on rectal examination, by the 
stimulus of insertion of the finger. It is diffi- 
cult to understand why muscle spasm should 
interfere with healing in the anal canal 
when it encourages immobility elsewhere in 
the body. If failure of healing should be 
ascribed to lack of rest, it is much more 
likely to be the result of the activity of the 
sphincter which occurs with the least in- 
crease in intra-abdominal pressure, such as 
is caused by talking. 

If continued spasm of the sphincter is 
discarded as the main cause of failure of 
healing in fissures another factor should be 
sought. The original tear must be the result 
of stretching the pecten to its limit, with 
subsequent splitting of the skin ring. Once 
the initial tear has occurred, reopening of 
the fissure is likely each time a formed stool 
is passed. All the methods of active treat- 
ment, injection of proctocaine, sphincterot- 
omy, or stretching, are intended to prevent 
spasm by impairment of the action of the 
anal sphincter. However, in our view, 
sphincterotomy and stretching cause an ef- 
fect which is far more important than the 
relief of spasm, namely widening of the ring 
of skin in the pectinate portion of the anal 
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canal. Sphincterotomy achieves this in 
much the same way as an episiotomy; 
stretching, by sheer force, widens the ring 
and enlarges the fissure. After these pro- 
cedures defecation is not likely to cause 
stretching of the skin margin to its limit 
until time has allowed the fissure, the edges 
of which have been freshened, to heal. It is 
not our belief that acute fissures are sec- 
ondary to the presence of a pecten band, 
the existence of which is no longer accepted. 

The grip of the sphincter is impaired by 
stretching. In the 6 patients examined the 
average resting grip was reduced from 49 to 
38 millimeters of mercury on the third post- 
operative day, and the previously noted 
irritability of the sphincter was less marked. 

These figures show that in men only 1 in 
13, and in women 1 in 4, fissures lie an- 
teriorly. Several reasons have been given for 
the greater incidence of posterior fissures, 


ANT. 


SHOWING DIRECTION 
OF TILT 


SHARP LIP 
OF PECTEN 


Fic. 2. 


Fic. 1. Latex diaphragm, containing water, which is 
inserted into the anal canal and connected to a manom- 


Fic. 2. Defecation, the stool approaching the pecten 
ring from the posterior aspect. 


the V-shape of the posterior part of the 
superficial external sphincter being the one 
most generally accepted. It should, how- 
ever, be recalled that on defecation there is 
an initial prolapse of both the pecten and a 
fringe of mucous membrane. As the stool 
passes, the pecten ring is therefore well be- 
low the sphincter muscle, and it is difficult 
to see how a deficiency in this muscle could 
influence the position of a fissure. Straining 
at defecation, when the rectum contains 
hard feces, results in a perineal bulge be- 
tween the coccyx and the anus. The stool, 
which lies at an angle, approaches the 
posterior aspect of the pecten ring and 
passes through it obliquely, even though the 
sphincter may move posteriorly to reduce 
the angulation. The ring of skin, which lies 
horizontally, is tilted so that the front is 
supported by the tissues of the perineum 
whereas the posterior part is devoid of tissue 
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support. The tilting of the pecten ring 
causes flattening of the epithelium on the 
anterior aspect and the formation of a lip 
posteriorly (Fig. 2), which presents a sharp 
and easily torn edge. It is suggested that the 
direction of the emerging stool is the crucial 
factor in deciding the position of the ma- 
iority of fissures. 

This sequence of events has been demon- 
strated by asking the patients to expel the 
intra-anal diaphragm. At the moment of 
expulsion the fissure prolapses and is seen 
lying on the sharp posterior lip of the pecten. 


SUMMARY 

1. Stretching of the sphincter is an effec. 
tive treatment for fissure in ano, but we 
would be interested to know how our results 
compare with those of other forms of 
treatment. 

2. Widening of the pecten ring is con- 
sidered to be more important than the re- 
lief of spasm in the treatment of acute 
fissures. 

3. A reason is given for the posterior 
position of the great majority of fissures 
in ano. 
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SIMULTANEOUS EVALUATION OF THYROID HORMONE 
TRANSPORT MECHANISMS AND ADRENOCORTICAL 
FUNCTION DURING OPERATION 


IRA S. GOLDENBERG, M.D., F.A.C.S., New Haven, Connecticut 


ALTERATIONS in thyroid and adrenocortical 
function have been demonstrated in human 
beings undergoing surgical operations by 
Goldenberg and associates (7, 8, 9) and by 
Steenberg and his associates. Although vari- 
ous measures of increased thyroid activity 
have been evaluated—radioactive iodine 
uptake and discharge by the thyroid gland, 
protein bound radioactive iodine concen- 
tration in blood, and peripheral utilization 
of exogenous radioactive thyroxine—it -has 
not yet been possible to delineate the precise 
physiologic mechanism by which the thy- 
roid gland participates in the total body 
response to stress. Free and conjugated 
adrenocortical steroids also increase during 
operation but any interactions between 
thyroid and adrenocortical hormones are 
unproved at this time. 

The present study was designed to evalu- 
ate thyroid activity during operation as re- 
flected by alterations in thyroid hormone 
transport mechanisms. In addition, plasma 
concentrations of free and conjugated 
adrenocortical steroids were determined 
simultaneously and were correlated to pa- 
rameters of thyroid activity. 


BACKGROUND 


If the thyroid gland participates in the 
response of the human to operative stress, 
such participation may be reflected in alter- 
ations in mechanisms responsible for trans- 
porting the hormone to its loci of action. 


From the Samuel C. Harvey Metabolic Laboratory, Depart- 
ment of Surgery, Yale University School of Medicine, New 
Haven, Connecticut. 

Supported by a contract between the Office of Naval Re- 
search, Department of the Navy, and Yale University School of 
Medicine, NR 105057, and by a grant from the U. S. Public 
Health Service, A2 722 (R1). 


Thyroxine and triiodothyronine, the princi- 
pal thyroid hormones, form complex mole- 
cules with plasma proteins and circulate in 
this form. The latter are chiefly an alpha 
globulin and a poorly identified prealbumin 
fraction. It also has been demonstrated by 
Crispell and associates (3, 4) that thyroid 
hormones utilize erythrocytes as secondary 
binding sites. The distribution of the thy- 
roid hormones between protein and red 
blood cells in vivo apparently depends upon 
the relative binding capacities of the pro- 
teins and some binding factor located in the 
erythrocyte stroma. Human red blood cells 
in vitro bind both radioactive thyroxine 
and triiodothyronine, the latter in greater 
quantity than the former. 

These facts form the basis for a test ot 
thyroid function devised by Hamolsky and 
associates (11) in which the patient’s plasma 
and erythrocytes are incubated with a known 
quantity of radioactive iodine labeled 3,- 
3’,5-l-triiodothyronine. Erythrocyte uptake 
of the radioactive hormone is then quanti- 
tatively measured. Hyperthyroidism is char- 
acterized by a greater than normal red blood 
cell uptake of triiodothyronine. It is believed 
that this phenomenon results from occupa- 
tion of a greater than normal number of 
plasma protein receptors by the increased 
thyroxine present originally in the blood. 
This occupation thereby leaves fewer plasma 
primary binding sites for the exogenous radio- 
active triiodothyronine and causes an in- 
creased binding of the labeled hormone by 
the erythrocytes which have an avid binding 
potential. In hypothyroidism, the opposite 
is true. Fewer plasma protein binding sites 
are satisfied by endogenous thyroxine and 
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any exogenous triiodothyronine will become 
attached preferentially tothe primary plasma 
protein binding sites. As a result, less becomes 
attached to the secondary red blood cell 
binding sites, and the uptake will be lower 
than normal. It is important to note that 
the plasma binding sites are the determinants 
of the red blood cell uptake of triiodothyro- 
nine. This has been demonstrated by “‘criss- 
cross’’ experiments in which plasma and red 
cells from euthyroid and hyperthyroid in- 
dividuals were interchanged. In such experi- 
ments the red cell uptake depended almost 
always on the thyroid status of the plasma 
donor as demonstrated by Friis. Extensive 
clinical experience by Hamolsky and asso- 
ciates (10) and Robbins (16) reveals a close 
correlation between thyroid function as 
measured by other methods and the red 
cell uptake of triiodothyronine. 


MATERIALS AND METHODS 


Only patients without known endocrinop- 
athies were included in this study. The 
subjects were patients admitted to the 
hospital for nonendocrine elective operative 
procedures and ranged in age from 19 to 
86 years. Samples of heparinized blood were 
obtained on the day of operation as fol- 
lows: (1) before administration of pre- 
anesthetic medication (baseline determina- 
tion); (2) before induction of anesthesia; 
(3) at time of incision; and (4) approxi- 
mately 1 hour after incision. Various general 
and spinal anesthetic agents were used. No 
attempt was made to standardize anesthetic 
procedures. 

The general health status of each patient 
was evaluated and rated before operation 
as good (class I) or poor (class II). The 
former patients were those in relatively good 
health without evidence of significant renal, 
hepatic, or cardiovascular disease and with- 
out recent stress prior to the contemplated 
operation. The latter were those patients 
with debilitating or chronic disease such 
as tuberculosis or cancer or those who had 
been subjected to acute stress during the 
period immediately prior to operation. 


This classification was established to evalv- 
ate further the impressions gained in earlier 
studies by Goldenberg and associates (8) 
that hormonal activity may differ in these 
two groups of patients during operation. 

In addition, to maintain homogeneity of 
the groups for the purpose of comparison, 
each principal group was subdivided into 
major and minor groups according to the 
extent of the operative procedure performed. 
Thoracic, gastric, and colic operations were 
classified as major. Biliary tract, umbilical 
and inguinal hernia operations, and all 
procedures performed under spinal an- 
esthesia were listed as minor. 

Eighty-six patients had determinations of 
red blood cell uptake of triiodothyronine. 
In addition, some of these patients had 
measurements of specific thyroid binding 
proteins, plasma concentrations of free and 
conjugated adrenocortical steroids, serum 
butanol extractable iodine by the method 
of Man and associates, and endogenous dis- 
tribution of plasma iodine among the pro- 
tein fractions performed on the first and 
fourth samples. 


ERYTHROCYTE UPTAKE OF TRIIODOTHYRONINE 


Triiodothyronine erythrocyte uptake was 
determined by incubation of 3 milliliter 
samples of blood with the radioactive hor- 
mone for 2 hours at 37 degrees C. Total 
radioactivity per milliliter was determined 
by utilizing a scintillation well detector 
before the cells were separated from the 
plasma by centrifugation. The cells were 
then resuspended, recentrifuged and washed 
5 times in sequence using tenfold volumes 
of 0.9 per cent saline solution. Residual 
radioactivity of the cells was determined and 
the per cent uptake of the cells was calcu- 
lated, correcting to 100 per cent hematocrit, 
by the following formula: 


_ counts rbc./ml. X 100 « 100/het. | 


¥ counts whole blood/ ml. 





Reproducible results on duplicate samples 
can thus be obtained with an error of +1 
per cent. Goldenberg (6) has demonstrated 
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that euthyroid adults vary no more than 3 
per cent from day to day on successive 
daily samples taken at the same hour. 

Euthyroid individuals have red cell up- 
takes of from 10 to 20 per cent with a mini- 
mal sex difference and, as yet, no determined 
age differential in adults. Hypothyroidism 
is marked by uptake of less than 10 per 
cent, while hyperthyroidism is associated 
usually with an uptake greater than 20 per 
cent. 

In this study, hematocrit determinations 
in any individual never varied more than 
5 per cent from sample to sample. In some 
operations blood transfusions were ad- 
ministered. Often, determinations of erythro- 
cyte uptake of radioactive triiodothyronine 
on this transfusion blood failed to demon- 
strate abnormal values. Accuracy of such de- 
terminations, however, is open to some ques- 
tion since many times this blood was taken 
from donors more than 7 days prior to ad- 
ministration to patients. According to Ha- 
molsky and associates (10), there is doubt as 
to the reliability of the uptake studies when 
red cells are more than a week old. 


THYROID-BINDING PROTEINS 


At the present time, thyroid-binding pro- 
teins cannot be determined directly. It is 
necessary to utilize indirect methods in 
which the concentration of binding sites 
for thyroxine is ascertained. In this study, 
samples 1 and 4 were analyzed for binding 
proteins by the electrophoretic method of 
Ingbar using a tris-maleate buffer system 
at pH 8.6 and radioactive thyroxine. Normal 
thyroxine capacities, expressed as micro- 
grams of thyroxine per 100 milliliters of 
serum, range between 18 and 30 for thyrox- 
ine-binding globulin and 80 and 120 for 
prealbumin. 

Endogenous distribution of plasma iodine 
was estimated by adding 1 microcurie of 
radioactive iodine labeled thyroxine to 1 
milliliter of serum and ascertaining the 
distribution of radioactive iodine among 
thyroid-binding globulin, prealbumin, and 
albumin. Such a technical maneuver must 


TABLE I.—17-HYDROXYCORTICOSTEROIDS (GAMMA 


PER CENT) 


Oe 
Patient No. 1 2 3 4 


GASTRIC, COLIC, AND THORACIC OPERATIONS, CLASS I______ 


Free 6.9 5.0 13.1 17.7 
Conjugated 4.3 2.5 25 7.8 


10.6 even 12.4 21.4 
9.7 sane 13.8 21.4 
18.4 27.9 34.2 
9.0 9.7 15.9 


10.0 onwe 27.4 15.3 
9.7 asad 12.9 8.4 


_GASTRIC, COLIC, AND THORACIC OPERATIONS, CLASS IT 
18 16.7 19.8 13.1 22.1 
0 0 0 0.7 
31 20.0 15.6 19.3 26.7 
4.8 9.3 7.1 9.3 


38 22.4 23.0 21.2 25.4 
7.7 8.5 8.5 17.0 
BILIARY, HERNIA, AND SPINAL ANESTHETIC OPERATIONS, CLASS Il_ 
68 20.0 rene sone 37.8 
7.7 ores ones 14.3 
76 9.0 6.9 é 12.4 
2.4 1.2 ‘ 2.9 


77 26.2 23.5 , 39.3 
19.3 19.3 .7 26.2 


be accepted with reservation because the 
addition of radioactive iodine may not be 
completely innocent in its effect on endog- 
enous distribution of thyroxine-like com- 
pounds in plasma. 


17-HYDROXYCORTICOSTEROIDS 


Adrenocortical participation in the opera- 
tive stress was estimated by determination 
of the concentration of free and conjugated 
(glucuronide) 17-hydroxycorticosteroids by 
a modification of the unpublished method 
of Bongiovanni. Plasma was extracted with 
methylene chloride and the free corticoster- 
oids estimated by the method of Silber and 
Busch. To the plasma residue, methanol and 
carbon tetrachloride were added, and the 
alcohol layer was decanted after shaking and 
centrifugation as described by Kornell. The 
alcohol extract was then washed twice with 
hexane, 10 drops of 2 molar acetate buffer 
at pH 4.5 were added and the whole was 
evaporated to complete dryness at 45 de- 
grees C. with an air jet. The dry residue was 
then taken up in water, adjusted to pu 4.5 
with acetate buffer, and incubated overnight 
with betaglucuronidase at 45 degrees C. This 
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Fic. 1. Thyroid-adrenocortical evaluation in gastric, 
colic, and thoracic operations, class I. 


material was then extracted with methylene 
chloride and the estimation of corticosteroids 
carried out by the Silber and Busch method. 
Satisfactory recovery of hydrocortisone was 
obtained when a known amount was added 
either to plasma at the beginning and read 
as a free fraction or later to the plasma 
residue after extraction of the free portion 
and carried through the procedure for the 
conjugated fraction. 

Previous studies have indicated that if 
thyroid and adrenocortical activation are 
to occur in any patient undergoing opera- 
tion, this will be obvious after 1 hour of 
operation has elapsed. On this basis, sample 
1 was considered the baseline for determina- 
tions and sample 4 was considered to repre- 
sent alterations resulting from the opera- 
tive stress. 


RESULTS 


Baseline triiodothyronine uptake by red 
cells varied from 9.6 to 20.0 per cent in the 
44 patients undergoing major operative 
trauma. Subsequent samples had increases 
to as high as 57.3 per cent uptake. An in- 
crease of 5 per cent or more from the base- 
line value, chosen empirically as significant 


in this study, was noted in 10 of 15 class | 
patients, or 67 per cent, in the major opera- 
tive group. However, only 9 of 29, or 31 
per cent, class II patients had such an in. 
crease. 

In the minor operative group of patients 
8 of 20, or 40 per cent, in class I had an 
increase of more than 5 per cent above the 
baseline value. Only 23 per cent, 5 of 22 
patients, in class II of the minor group dis- 
played such an increase. Neither age nor 
sex had any significant association in either 
operative group with the changes noted. 

Preoperative thyroid-binding prealbumin 
concentration ranged from 74.0 to 153.0 
gamma per cent while thyroid-binding 
globulin ranged from 19.0 to 36.0 gamma 
per cent in 12 patients studied. The pre- 
albumin fraction decreased in 10 of the 
patients studied while the globulin re- 
mained essentially unchanged. 

Figures 1, 2, and 3 depict in detail in a 
group of patients the triiodothyronine red 
cell uptake, the concentration of butanol 
extractable iodine (B.E.I.), thyroid-binding 
proteins, adrenocortical steroids, and the 
endogenous distribution of plasma iodine. 
Despite the decrease in thyroid-binding 
prealbumin, the increase in butanol-extract- 
able iodine, and the increase in erythrocyte 


*3) PT® 34 pr® 38 
GASTRECTOMY PLEURECTOMY | PULMONARY 


PNEUMONECT- » | 
LOBECTOMY omy | 
RBC 
UPTAKE Sie io 


TRIIODOTHYRONINE oi 


(PERCENT) 
8 }. 


one 





BE! 5 
(GAMMA PER CENT) 2 


PROTEIN e 
THYROXINE 150 
CAPACITY 
(GAMMA PER CENT) !O0 
—— GLOBULIN 
---- PRE-ALBUMIN 9°T 





ENDOGENOUS 
DISTRIBUTION 
OF PLASMA IOOINE® 

(PERCENT) — 50}. 


75 


C GLOBULIN 
C2 PRE-ALBUMIN 2° 
[2 ALBUMIN 


ADRENOCORTICAL 45 
STEROIDS 


(GAMMA PER CENT) 20 “AY 
—— FREE 


---consucateo '°f —— 


ai 
== — — ie 
' 234 2 








—" 
304 








* WITHOUT ADDITION OF SAMPLE 


STABLE THYROXINE TO SERUM 


Fic. 2. Thyroid-adrenocortical evaluation in gastric, 
colic, and thoracic operations, class II. 
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uptake of triiodothyronine, the endogenous 
distribution of plasma iodine was not sig- 
nificantly altered during operation. 

Concentration of both free and conjugated 
17-hydroxycorticosteroids increased during 
operation. In almost all cases, the conjugated 
portion paralleled the rise in free steroids 
and generally was about half the concentra- 
tion of free steroids (Table I). 


COMMENT 


Alterations in the concentration of adreno- 
cortical steroids and thyroid hormone trans- 
port mechanisms in the blood have been 
demonstrated in this study to occur during 
operation. The absolute increase in circulat- 
ing free and conjugated 17-hydroxycorti- 
costeroids is evidence of either increased 
glandular production of hormones or de- 
creased peripheral utilization of them. On 
the other hand, the increased triiodothyro- 
nine uptake by erythrocytes—which may 
reflect endogenous thyroid hormone produc- 
tion—strongly suggests increased thyroid 
glandular activity since increased peripheral 
utilization of thyroxine after operation has 
been demonstrated previously by Golden- 
berg and associates (9). The inconstant 
relationship, however, of the increased tri- 
iodothyronine binding to the decrease in 
thyroid-binding globulin concentration and 
the endogenous distribution of plasma iodine 
is not clear. Decreased prealbumin has also 
been noted by Ingbar during operation and 
after stressful situations such as febrile 
illness. Since the mechanics of thyroid 
hormone transport are incompletely under- 
stood, it is difficult at this time to assess 
fully the significance of these findings. 

Robbins and Rall (15) suggest that thy- 
roid: protein relationship is important in 
homeostatic mechanisms in which the thy- 
roid is involved. They postulate a balance be- 
tween free and protein-bound hormone so 
that a bound reserve supply of hormone is 
available to meet stress situations. Such a 
balance must involve all thyroid hormone 
transport elements—erythrocytes as well as 
proteins—so that readjustments to meet 
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OF STABLE THYROXINE 
TO SERUM 


Fic. 3. Thyroid-adrenocortical evaluation in biliary 
operation, class II. 


changing metabolic demands can be made 
easily. 

The preoperative condition of the patient 
and the degree of operative trauma in- 
fluenced thyroid and adrenocortical activity 
here. Patients in good condition (class I) or 
undergoing major operative trauma—tho- 
racic, colic, or gastric operations—more often 
had increased red cell uptake of triiodo- 
thyronine and greater increase in concentra- 
tion of corticosteroids than patients in class 
II or those having minor—biliary or hernia 
operation; or spinal anesthetic— procedures 
performed. Although the number of patients 
studied here is small, an inverse relation- 
ship is suggested between thyroid and adre- 
nocortical function (Figs. 1, 2, and 3). 
Ackerman and associates have demonstrated 
a possible renal role in inactivation or 
sequestration of thyrotropin as the mech- 
anism for the effect of adrenocortical steroids 
on thyroid function. 


SUMMARY 


Alterations in thyroid hormone transport 
mechanisms and adrenocortical hormone 
concentrations in blood have been demon- 
strated in human beings undergoing various 
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types of operations. Increased erythrocyte 
uptake of exogenous triiodothyronine, de- 
crease in concentration of thyroid-binding 
prealbumin, and increased concentration 
of free and conjugated 17-hydroxycorti- 
costeroids have been noted. An inverse 
relationship between thyroid and adreno- 
cortical activity has been suggested by these 
results. 


REFERENCES 


1. AckERMAN, N. B., Smitu, R. W., Jr., and MILLER, 
J. M. Interactions of hydrocortisone and thyrotropin 
on thyroid secretion in dogs. Metabolism, 1961, 10: 
27. 


BoncIovannl, A. M. Personal communication. 
CrispeLt, K. R., and CoLeman, J. A study of the 
relative binding capacity of plasma proteins, intact 
human red cells, and human red cell stroma for ra- 
dioactive I-131 labeled |-thyroxine. J. Clin. Invest., 
1956, 35: 475. 

CrisPELL, K. R., KAHANA, S., and Hyer, H. The 
effect of plasma on the in vitro uptake or binding by 
human red cells of radioactive I-131 labeled 1-thy- 
roxine and I-triiodothyronine. J. Clin. Invest., 1956, 
go: 821. 

. Frus, T. On the mechanism of the in vitro uptake 
of I-131 labeled |-triiodothyronine by human eryth- 
rocytes. Acta endocr., Kobenhavn, 1960, 33: 134. 

. GoLpENnBERG, I. S. Unpublished data. 
GoLpENBERG, I. S., Hayes, M. A., and GREENE, 
N. M. Endocrine responses during operative proce- 
dures. Ann. Surg., 1959, 150: 196. 


M. A. Patterns of thyroid-adrenocortical response 
after operation. Ann. Surg., 1955, 142: 786. 
GoLpENBERG, I. S., RoseNBAuM, P. J., Wurre, C,, 
and Hayes, M. A. The effect of operative trauma on 
the utilization of thyroid hormone. Surg. Gyn, 
Obst., 1957, 104: 295. 

Hamo sky, M. W., GoLopetz, A., and FREEDBERG, 
A. S. The plasma protein-thyroid hormone complex 
in man—III, further studies on the use of the in 
vitro red blood cell uptake of I-131-1-triiodothyro- 
nine as a diagnostic test of thyroid function. J. Clin, 
Endocr., 1959, 19: 103. 

Hamotsky, M. W., Stein, M., and FReEEpzERc, 
A. S. The thyroid hormone-plasma protein complex 
in man—II, a new in vitro method for study of 
‘uptake’ of labeled hormonal components by hu- 
man erythrocytes. J. Clin. Endocr., 1957, 17: 33. 
IncBar, S. H. In: Recent Progress in Hormone Re- 
search. Edited by G. Pincus. New York: Academic 
Press, 1960. 

KorneE.t, L. An improved rapid method for free 
and conjugated 17-hydroxycorticosteroids in plas- 
ma. J. Laborat. Clin. M., 1959, 54: 659. 

Man, E. B., Kypp, D. M., and Peters, J. P. Butanol 
extractable iodine of serum. J. Clin. Invest., 1951, 
30: 531. 

Rossins, J., and RA.L, J. E. Protein associated with 
the thyroid hormones. Physiol. Rev., 1960, 40: 415. 
Rossins, L. R. Experience with the in vitro eryth- 
rocyte uptake of I-131 labeled 1-triiodothyronine 
in a routine clinical laboratory. J. Clin. Endocr., 
1959, 19: 1292. 


. Siceer, R. H., and Buscu, R. D. An improved pro- 


cedure for the determination of hydrocortisone in 
human plasma. J. Clin. Endocr., 1956, 16: 333. 
STEENBERG, R. W., Smitu, L. L., and Moore, F. D. 
Conjugated 17-hydroxycorticosteroids in plasma; 
measurement and significance in relation to surgical 
trauma. J. Clin. Endocr., 1961, 21: 39. 


Sint 
meni 
artic 
have 
the ¢ 
radic 
eneci 
all tl 
patie 
but 1 
periti 
perio 
has fi 
a lar 
occu 
techi 
open 
(Fig. 
TI 
post 
entia 
must 
perfc 
nal ; 
rem< 
It is 
possi 
perit 
with 
trate 
culti 
catic 
A 
was f 
in A 
wher 


Fro 
Unive 
Gene: 





AN UNUSUAL COMPLICATION OF RADICAL 
HYSTERECTOMY AND PELVIC LYMPHADENECTOMY 


LES|ER R. BRYANT, M.D., GEORGE B. HAYDON, M.D., F.A.C.S., and 
WIL! [AM A. ALTEMEIER, M.D., F.A.C.S., Cincinnati, Ohio 


SINCi THE REVIVAL Of radical surgical treat- 
ment for carcinoma of the uterine cervix, 
articles by Everett, Hollenbeck, and Morton 
have appeared in the literature which list 
the complications that have occurred after 
radical hysterectomy with pelvic lymphad- 
enectomy. In 1955, Liu and Meigs listed 
all the complications encountered in 473 
patients who had undergone that operation, 
but made no mention of massive pneumo- 
peritoneum occurring in the postoperative 
period. A review of other reports likewise 
has failed to reveal a single instance in which 
a large accumulation of intraperitoneal air 
occurred after the operation although the 
technique of pelvic drainage through the 
open stump of the vagina is widely used 
(Fig. 1). 

The occurrence of pneumoperitoneum 
postoperatively creates problems in differ- 
ential diagnosis and treatment. The surgeon 
must determine whether the air is due to a 
perforated hollow viscus, an intra-abdomi- 
nal abscess, or a collection of trapped air 
remaining after closure of the peritoneum. 
It is rare that he will have to consider the 
possibility of air continuing to enter the 
peritoneal cavity along drainage tracts from 
without. The following case history illus- 
trates the diagnostic and therapeutic diffi- 
culties which may arise when this cormpli- 
cation occurs. 


A 20 year old colored female, gravida 1, para 1, 
was first admitted to the Cincinnati General Hospital 
in August 1959 on referral from another hospital 
where a biopsy of the uterine cervix had revealed 
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squamous cell carcinoma. Prolonged menstrual bleed- 
ing in June and July 1959 led to her hospitalization 
where dilatation, curettage, and cervical biopsy were 
performed after a granular, ulcerated lesion of the 
cervix was found. 

The past history and review of systems were unre- 
markable. 

Results of the general examination were within 
normal limits. The external genitalia and vagina 
appeared normal, but the visible surface of the cervix 
was occupied by a friable, ulcerated mass which bled 
easily. On palpation, the vagina was uninvolved and 
the uterus was normal in size, and freely movable. 
There was no thickening or induration in the para- 
cervical or parametrial tissues, and the adnexal struc- 
tures could not be felt. Rectal examination was un- 
remarkable. 

The hematocrit was 33 volumes per cent and the 
white cell count was 10,200 cells. The urinalysis was 
negative. Blood chemistry determinations were with- 
in normal limits as were serologic results. Intravenous 
pyelograms, barium enema, roentgenogram of the 
chest, cystoscopy, and sigmoidoscopy were all essen- 
tially unremarkable. A repeat cervical biopsy showed 
undifferentiated squamous cell carcinoma and a diag- 


Fic. 1. The method of draining the pelvis through 
the open vagina. The position of the Penrose drains 
after reapproximation of the pelvic peritoneum over 
them is indicated by dotted lines in the inset. 
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Fic. 2. Demonstrating the massive postoperative pneumoperitoneum and dilated colon partially 


filled with hypaque. 


nosis of stage I carcinoma of the cervix was made. It 
was decided to treat the patient by a combined pro- 
gram of irradiation and surgical therapy. On 22 
August, an intrauterine tandem and 2 vaginal ovoids 
containing a total of 60 milligrams of radium were 
inserted. Six thousand milligram hours of radium 
therapy were given, following which the patient was 
discharged from the hospital. 

When she was readmitted on 8 October 1959 her 
general physical condition was normal, and some 
postirradiation healing of the cervix was noted. The 
anterior cervical lip, however, was the site of an ulcer 
with a necrotic gray center and rolled edges. The 
ulcer extended onto the adjacent vaginal mucosa in 
the right fornix, leading to a revision of classification 
of her carcinoma to stage Ila. The paracervical and 
parametrial tissues appeared to be normal to pal- 
pation. 

On 14 October 1959, a radical Wertheim hyster- 
ectomy with bilateral pelvic lymph node dissection 
was performed. No difficulties were encountered dur- 
ing the operative procedure, and the vagina was left 
open for drainage. A Penrose drain was placed in 
each obturator fossa and brought out through the 
vagina. The pelvic peritoneum was completely reap- 
proximated with interrupted No. 0 chromic sutures. 

Pathologic study of the specimen showed residual 
squamous carcinoma of the cervix with invasion of 
the adjacent vaginal mucosa. Twenty-three lymph 


nodes examined were without microscopic evidence 
of metastasis. 

The operation was well tolerated by the patient 
and the following day she started taking small 
amounts of liquids by mouth. That evening she 
walked a few steps with assistance and on the second 
postoperative day began progressive ambulation on 
her own accord. Her convalescence seemed rapid 
and steady although the vaginal drainage of sero- 
sanguineous fluid continued to require the use of 
4 to 6 perineal pads per day. Culture of this drainage 
revealed Staphylococcus epidermidis and Escherichia 
coli. On the evening of 20 October 1959, the sixth 
postoperative day, her temperature rose to 101 de- 
grees F., and slight abdominal distention was noted. 
The next morning the distention was more marked, 
and an absence of normal liver dullness was noted. 
The abdomen was soft with no tenderness or signs 
of peritoneal inflammation, but the white cell count 
was 19,000. Emergency roentgenograms of chest and 
abdomen showed a 3 centimeter area of free air under 
the diaphragm with multiple bubbles of free air in the 
soft tissues of the pelvis (Fig. 2). A large collection 
of air was seen in the vagina, and a separate pocket 
of air, 4 centimeters in diameter, was located anterior 
and to the left of the rectum in the pelvis. The colon 
was seen to be distended throughout with air, and a 
hypaque contrast enema was performed. No extrav- 
asation of contrast material or fistula was observed. 
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Bec :use of the vaginal air and the collection of air 
in the pelvic soft tissues, the likely source of free intra- 
perito \eal air was thought to be through the vagina 
and tence through the line of sutures in the pelvic 
perito eum. Roentgenograms the following day, 22 
Octo! r, showed a definite increase in the pneumo- 
perito eum. Although the patient still had no ab- 
domi: .l pain or signs of peritonitis, upper gastro- 
intest:.al and small bowel studies were performed 
using |\ypaque contrast media. No extravasations or 
other abnormalities were demonstrated. It now 
seme! certain that the air was coming in through 
the vagina and the decision was reached to remove 
the P:nrose drains. The patient’s temperature and 
pulse :ate promptly fell (Fig. 3), and by 24 October, 
she was again taking a liquid diet and passing flatus 
per rectum. By 26 October roentgen studies showed 
a definite decrease in the pneumoperitoneum, but a 
fluid level was noted in the gas pocket on the left side 
of the pelvis. On 31 October 1959, this fluid collec- 
tion was drained through a small suprapubic incision. 
Approximately 400 cubic centimeters of clear yellow 
fluid were found in the space of Retzius on the left. 
This fluid showed no bacterial growth on culture, 
and the patient’s recovery was rapid and complete. 

Following the removal of the indwelling catheter 
and the resumption of spontaneous micturition, she 
was discharged from the hospital on 6 November 
1959. After a 16 month follow-up in the tumor clinic, 
she has remained well with no evidence of recurrence 
of the cervical cancer. 


COMMENT 


Free intraperitoneal air regularly occurs 
alter laparotomy, and its duration has been 
the subject of studies by Bannon and 
Harrison and associates, stimulated by the 
importance of determining its source and 
rate of spontaneous absorption. Although 
roentgenographic evidence of postoperative 
pneumoperitoneum may persist for as long 
as 3 weeks, the average duration in the series 
reported by Harrison and associates was 
from 3 to 8 days. In the case reported here, 
free air was first noted on the seventh post- 
operative day, and it was shown to increase 
daily until the Penrose drains were removed 
from the vagina. This progression of the 
pneumoperitoneum excluded the possibility 
of postoperative residual air, and her subse- 
quent clinical course verified the initial im- 
pression that the air passed through the 
drainage tract in the vagina and pelvic soft 
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Fic. 3. Graph to show the concomitant rise in the 
patient’s temperature and pulse rate with the develop- 
ment of massive postoperative pneumoperitoneum, and 
their return toward normal after removal of the vaginal 
drains. 


tissues to enter the peritoneal cavity through 
the line of sutures in the pelvic peritoneum. 
The profuse serous drainage from the pelvic 
tissues, as well as the active postoperative 
ambulation of the patient, may have been 
important contributory factors in the devel- 
opment and progress of this complication. 


SUMMARY 


The rare development of a massive pneu- 
moperitoneum due to the entrance of air 
into the peritoneal cavity through the open 
vaginal stump after radical hysterectomy for 
carcinoma of the cervix has been reported. 
The difficulties in differential diagnosis and 
treatment of postoperative pneumoperi- 
toneum have been discussed. 
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RECIPROCAL EFFECT OF TOTAL BLADDER 
REPLACEMENT ON RENAL FUNCTION 


SIDNEY R. WEINBERG, M.D., F.A.C.S., BENJAMIN PENG, M.D., 
KEITH WATERHOUSE, M.D., and ARTHUR ULLMAN, M.D., Brooklyn, New York 


ENCOURAGED by the satisfactory results that 
follow ileocystoplasty or partial substitution 
of the bladder by bowel, an experimental 
study of total bladder substitution with 
isolated segments of small or large bowel 
after cystectomy was begun in 1957. The 
study was continued through 1960, per- 
mitting long term survival of some of the 
animals and allowing an opportunity for 
evaluation of the effect of the bladder sub- 
stitute on renal function. 

The techniques used were varied in an 
effort to answer questions regarding: (1) 
which segments of bowel, ileum, or sig- 
moid forms the more efficient detrusor; (2) 
whether a substitute bladder formed of a 
double loop of bowel will have a greater 
fluid capacity than one composed of a single 
tube segment; (3) which method of uretero- 
intestinal anastomosis gives the best re- 
sults; and (4) in which group renal function 
is best preserved. 


METHODS 


The operations were performed on mon- 
grel female dogs weighing from 12 to 20 
kilograms. Each animal had prior 3 day 
sterilization of the bowel with neomycin. 
After the animal was given pentobarbital 
anesthesia the peritoneal cavity was ex- 
posed through a long midline lower ab- 
dominal incision. A segment of bowel, 14 
centimeters of either ileum or sigmoid, was 
then isolated from continuity of the re- 
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mainder of the intestinal tract. After com- 
plete cystectomy the ureters were anasto- 
mosed to the new “‘bladder”’ and the bowel 
segments were sutured end to end to the 
urethra. No indwelling ureteral catheters 
were used, and the abdomen was closed 
without drainage. A No. 18 French plastic 
urethral catheter was then left indwelling 
for 5 to 7 days. 

During the procedure, the animals re- 
ceived an infusion of 500 cubic centimeters 
of 5 per cent glucose in saline. No blood 
transfusions were given. Once the animals 
survived the initial postoperative period, 
they were placed on regular feedings and 
required no special care. 

It was found that the mortality was 
greatest in the immediate postoperative 
period because of urinary extravasation, 
infection, or intestinal obstruction. If the 
animals survived, the later deaths re- 
sulted from renal failure. Each animal that 
died or was sacrificed was examined post 
mortem. Search was made especially for 
stricture at the site of the ureterointestinal 
anastomoses, and the state of the kidneys 
was observed. 

Forty-nine dogs were operated upon; in 
26, bladder substitutes composed of ileum 
were made and, in 23, sigmoid segments 
were used as substitutes. 

The procedures fell into 3 groups: (a) 
ileac segment bladder substitution with a 
simple elliptical Nesbit mucosa-to-mucosa 
ureterointestinal anastomosis; (b) ileac seg- 
ment bladder substitution with a Leadbetter 
mucosa-to-mucosa and trough ureteroin- 
testinal anastomosis; or (c) sigmoid seg- 
ment bladder substitution with a Leadbetter 
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mucosa-to-mucosa and trough ureteroin- 
testinal anastomosis. 

In order to study renal function in the 
postoperative period supplementary studies 
were made consisting of excretory urog- 
raphy, cystometry by an electromanometer 
with determination of vesical capacity, and 
determination of blood urea, carbon dioxide 
combining power, and electrolytes. Evalu- 
ation of bladder capacity and cystometry 
was made by inserting a small catheter into 
the anesthetized animal and letting fluid 
drip slowly into the substitute bladder. At 
different intervals the catheter was con- 
nected to a Sanborn electromanometer and 
the intravesical pressure was ascertained 
(Fig. 3). At various times in the postopera- 
tive period, radioactive tracer studies were 
made to determine the relative ability of 
the different segments to absorb electro- 
lytes. This was done by placing a measured 


Fic. 1. a, Necropsy specimen of upper urinary tract 
and single loop ileac bladder substitute. Note satisfactory 
renal status 1 year after operation. b, Double loop ileac 
bladder substitute with hydronephrosis of both kidneys 
2 years after operation. 


amount of radioactive sodium into the blad- 
der and determining the amount present in 
the venous blood, 1, 2, and 3 hours later. 
After suitable calculations, the percentage 
of absorption was determined. 


RESULTS 


The first group, in which the simple el- 
liptical Nesbit ureteroileac anastomosis was 
used, showed the greatest mortality. Of the 
13 animals, 6 died within 24 to 48 hours 
after operation because of urinary extra- 
vasation; 3 died 2 to 3 weeks later of in- 
testinal obstruction. The remainder died of 
renal failure after development of bilateral 
hydronephrosis with pyelonephritis. In 3 
of these animals, there was sufficient long 
term survival for comparison of the fluid 
capacity of a double loop ileac bladder with 
one formed of a single loop. No increase in 
fluid capacity was observed. 
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Fic. 3. 


The use of the Leadbetter trough type of 
mucosa-to-mucosa anastomosis greatly im- 
proved the survival of the animals with an 
ileac substitute bladder, preventing urinary 
extravasation. None of the 13 animals died 
in the immediate postoperative period. 
Six survived until 6 June 1960 when they 
were sacrificed for evaluation of renal status 
(Fig. 1). The others died of hydronephrosis 
and infection before that time. 

Better results were obtained when the 
bladder substitute was composed of sigmoid 
(Fig. 2). Of the 23 animals, 9 died within a 


Seat a tare aera 


Fic. 2. 


Fic. 2. a, Complete bladder substitute composed of 
isolated segment of sigmoid colon 1 year after operation. 
Note normal kidney and ureteral morphology of gross 
specimen. b, Complete bladder substitute composed of 
isolated segment of sigmoid colon 1 year after operation. 
Note normal kidney and ureteral morphology of the 
inner aspect of the urinary excretory passages. 

Fic. 3. Cystometrogram of normal dog’s bladder show- 
ing relatively low pressure, 10 millimeters of mercury at 
200 cubic centimeter capacity. 


month of operation but the remainder were 
maintained for a long period without dif- 
ficulty. It was possible to demonstrate a bet- 
ter detrusor action and less absorption of 
electrolytes in these animals than in those 
with the ileac bladders. 

As expected, in the animals with sigmoid 
bladders with long term survival there were 
more with normal excretory urograms and 
blood urea and carbon dioxide combining 
power levels (Fig. 4). Most likely the larger 
fluid capacity and better detrusor tone in 
these bladders would be an explanation. 
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Fic. 4. 


Fic. 4. Excretory urogram of dog with sigmoid blad- 
der substitute which demonstrates the satisfactory 


Hydronephrosis of varying degree was 
found at postmortem examination in 6 of 
the 14 animals with sigmoid bladder and in 
8 long term survivors with ileac bladders. 
In these animals the ureterointestinal anas- 
tomosis was thickened and rigid but patent, 
allowing an assumption of malfunction of 
the substitute bladder with persistent ure- 
terovesical reflux initiated by residual urine. 
Dilatation of the ureters and, finally, hydro- 
nephrosis are the end result (Fig. 5). 

Our clinical experience with total blad- 
der substitute has been confined to 3 patients 
so managed at the onset of the experimental 
studies. In all of these patients attempts 
were made at total substitution by uretero- 
ileourethroplasty after cystectomy. 

The first patient, a 54 year old female, 
underwent cystectomy for multiple tumors 
of transitional cell carcinoma of medium 


Fic. 5. 


renal function as well as the morphologic appearance. 

Fic. 5. Urinary tract of dog 1 year after bladder sub- 
stitution with isolated segment of sigmoid colon. Note 
dilatation of right ureter, pelvis, and calyces despite 
patent ureteroneocystostomy. 


grade that had invaded halfway through 
the muscle layer of the bladder. In this 
patient an ileovaginal fistula developed, 
and her case must be considered a failure as 
regards the formation of a bladder substi- 
tute. However, her general condition and 
excretory urograms are satisfactory 3 years 
after the operation. 

The next patient, a 58 year old male, 
died of postoperative complications after 
dehiscence of his wound. The operation 
performed was not essentially different 
from that performed in the female, except 
that this was a secondary procedure carried 
out after the patient had undergone a cys- 
tectomy after rupture of the bladder dur- 
ing transurethral resection for bladder tu- 
mor. 

The last patient, a 45 year old female, 
had complete bladder substitution for mul- 
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Fic. 6. Excretory urograms of patient, a, 1 year and b, 
2 years after complete ileac bladder substitution, showing 
satisfactory function and morphology. There is perhaps 
beginning dilatation of the right ureter and pelvis in the 
2 year follow-up urogram. 


tiple recurrent malignant vesical papillomas. 
She is clinically well and the bladder sub- 
stitute can be considered a good result ex- 
cept for nocturnal incontinence that re- 
quires wearing a perineal pad. Excretory 
urograms made 7 August 1959, 1 year after 
operation, were satisfactory, as were those 
taken a year later in 1960. There is perhaps 
some beginning dilatation of the right 
ureter and pelvis (Fig. 6). 

Despite the presence of mucus in the 
urine during this 2 year period there have 
been no urinary tract infections. However, 
residual urine has been 50 to 60 cubic 
centimeters in a bladder with a capacity of 
150 to 200 cubic centimeters. 


DISCUSSION 


The clinical use of a total bladder sub- 
stitute of intestine after cystectomy has 
been reported as a treatment for carcinoma 
or malignant papillomatosis of the bladder. 

Several authors have stressed the mag- 
nitude of these procedures and have em- 
phasized that the operation should be con- 
sidered only in patients who are good sur- 
gical risks and in whom it is hoped that the 
malignant process will be arrested. 

Besides the immediate surgical mortality 
and morbidity, there are two other factors 
responsible for failure of the intestinal blad- 
der substitute after cystectomy: (1) inability 


of the intestinal segment to function as a 
detrusor and (2) stricture of the uretero- 
intestinal anastomosis leading to hydro- 
nephrosis and renal failure. 

In our experience, dense stricture of the 
ureterointestinal anastomosis, although 
noted in a few of the animals that died of in- 
fection within a month of the operation, was 
not the major problem. In all of the sur- 
vivors, including those with dilatation of 
the ureter, the site of anastomosis was lined 
smoothly with mucous membrane and the 
orifice was patent. However, in the animals 
in which the Nesbit anastomosis was used 
there was a high immediate mortality; for, 
in the dog, it is not possible to place the 
anastomosis extraperitoneally, as in patients, 
and prevent urinary extravasation, as the 
dog peritoneum is too thin to allow manipu- 
lation. The better results were obtained with 
the Leadbetter trough technique for two 
reasons: First, the anastomosis is buried so 
that urinary extravasation and peritonitis 
are prevented; and, second, it lessens the 
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relative thickness of the sigmoid as compared 
to te ureter and a more efficient orifice is 
provided. In the failures, although the ori- 
fice was patent, rigid fibrous tissue was 
four | about the anastomosis. As the ureteral 
orifie requires some mobility for its nor- 
ma! function, this rigidity may be respen- 
sibl: for reflux and subsequent dilatation. 

‘lie inability of the intestinal segment to 
act is an efficient detrusor may contribute 
to the failure of the ureterointestinal anas- 
tomosis, as the bladder is converted into a 
high pressure organ with urine refluxing 
into the ureters. This inefficiency, with con- 
stant residual urine, creates a clinical prob- 
lem comparable to that present in a patient 
with neurogenic dysfunction of the bladder. 
It is a question of whether the long term 
effect on renal function will be similar. In 
some of the animals we observed a gradual 
retrograde dilatation of the ureter and on- 
set of hydronephrosis analogous to that seen 
in patients with neurogenic bladder dis- 
turbances. The longest follow-up reported 
in patients with total bladder substitution 
has been that of Cibert and Couvelaire, in 
1 patient for 5 years. The majority of sur- 
vivors have been observed for a lesser time. 

A study of the cystometrograms obtained 
in our experiments demonstrates the basic 
difference between normal bladder physi- 
ology and that of an intestinal detrusor. The 
ileac segments contract continuously at 
high pressures before reaching full capacity 
(Fig. 7). These findings are similar to those 
of Hinman and Truc and Levallois. The 
sigmoid segment, on the other hand, re- 
quires a pressure of 30 millimeters of 
mercury to initiate voiding, according to 
Heise. However, the pressure in the seg- 
ment rises in a direct linear relationship to 
the volume instilled, as in a patient with 
lack of cerebral control, and not as in the 
normal bladder in which the pressure stays 
low until nearly full capacity is reached. 
This is not an unsurmountable defect and 
can be overcome in patients with the help 
of abdominal pressure and perhaps manual 
compression. 


Fic. 7. Cystometrogram of double loop ileac bladder. 
Note high pressure with continuous contractions at com- 
paratively low volume of 140 cubic centimeters. 


Abnormal absorption of electrolytes lead- 
ing to hyperchloremic acidosis has not been 
a problem in these procedures. None of the 
animals or the few patients observed had 
abnormal blood levels of urea or elec- 
trolytes. The sigmoid segments absorbed a 
lesser amount of electrolytes into the cir- 
culation than did the ileac loops. Fabre, 
Caissel, and Fregevu have reported similar 
conclusions. After instilling solutions of urea 
into isolated segments of ileum, sigmoid, 
and rectum, they reported that the sigmoid 
segments absorbed the least amount into 
the circulation. Because of better physiology 
as a urinary detrusor, the use of the sig- 
moid segment should insure lower mor- 
bidity after total bladder substitution. 

A clinical deterrent to the use of sigmoid 
for bladder substitution is that resection and 
reanastomosis of the sigmoid carries a 
higher mortality than that after use of small 
bowel. In the group of 3 patients operated 
upon by Giertz and Franksson, in whom 
sigmoid loops were prepared, leakage de- 
veloped in 2 patients at the site of the sig- 
moid anastomosis so that the method was 
abandoned. However, if the sigmoid is suf- 
ficiently mobilized so that the suture lines 
are not under tension, this danger is mini- 
mized. In a patient with contracted bladder 
for whom colocystoplasty was performed, 
the entire sigmoid from the splenic flexure 
to the rectum was mobilized in order to re- 
anastomose the bowel without tension after 
an isolated loop of sigmoid was formed. 

In summary, although the operation of 
total bladder substitution may be performed 
with some assurance of survival in good risk 
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patients, the considerable risk of mortality 
and morbidity limits its selection. It need 
not be the procedure of choice in patients 
with a carcinoma of the bladder that is 
superficial, as these lesions can be treated 
with less radical methods. Furthermore, 
analysis of published reports shows that 
cystectomy has not prevented the spread of 
invasive malignant lesions of the bladder. 
Thus, the operation can be used only oc- 
casionally in those patients with recurrent 
malignant papillomatosis or those tumors 
in which conservative operation and radi- 
ation have failed. 


CONCLUSIONS 


In the dog, cystectomy and total bladder 
substitution have been carried out in 49 
animals with 18 survivors living for 1 to 2 
years. 

The animals with substitute bladders 
composed of sigmoid loops had better fluid 
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capacity and detrusor action and less ab- 
sorption of electrolytes than those with 
ileac segment bladders. 

One patient is alive 2 years after cys: 
tomy for malignant papillomatosis 
ureteroileourethroplasty. 
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AN EXPERIMENTAL EVALUATION OF OPERATIVE 
WOUND IRRIGATION 


FR! DERIC W. TAYLOR, M.D., F.A.C.S., Indianapolis, Indiana 


TH) RE IS VARIED OPINION as to the value of 
wound irrigation during surgical closure. 
Soine clinics routinely use saline irrigation 
of operative wounds; others never use it; 
whereas the majority use it in some in- 
stances and not in others. The present 
study was undertaken to evaluate this pro- 
cedure on an _ experimental basis. Of 
primary interest is the number of bacteria 
which might be expected to be removed 
from a given wound as a result of washing. 
This particular information has not been 
found in the literature and apparently has 
not been determined by those most strongly 
advocating wound washing. There are, of 
course, many exhaustive reports, like those 
of Altemeier, Hunt, and Meleney (5-7) 
dealing with the varied types of bacteria 
found in wounds and the effect of these 
bacteria on wound healing. There is little 
but speculation as to the efficiency of wound 
irrigation in removing bacteria. 

The practice of washing wounds must be 
as old as man himself, and medical records 
indicate that practically all types of fluids 
have been used at one time or another. 
However, during the past few decades, 
principally saline has been used for these 
irrigations. This practice followed the 
realization that other liquids, particularly 
antiseptics, produced more harm by tissue 
damage than might be gained through 
their bactericidal properties. 

There has been no standard routine of 
irrigation. In some clinics this may consist 
of a few poorly aimed sloshes from the 
splash basin into the wound; at Cincinnati 
General Hospital it consists of a definite 
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ritual using large quantities of sterile saline 
tubed from huge demijohns, according to 
Stevenson and Reid. An examination of the 
subject would, therefore, seem in order, 
that irrigations might be used more intel- 
ligently. 

This is not an easy subject to explore 
clinically since the number of bacteria in a 
“dirty” wound is an unknown and variable 
quantity. Furthermore, the bacterial count 
of the original wound, clean or contami- 
nated, may have very little to do with its 
primary healing. More important by far 
may be the wound itself—its site, its 
vascularity, and the presence of foreign 
bodies. Attempts have been made to 
determine the number of bacteria required 
to infect a standard wound. This can be 
determined only within broad limits, for in 
such an investigation as that of Elek the 
only factor which can be standardized is the 
number of bacteria, while the wound itself 
and the host remain variable enigmas. 

With this questionable background of 
inconstants one cannot be dogmatic in his 
conclusions. They are made with reserva- 
tions and with full knowledge of the frailties 
of our methods. These investigations have 
been carried out on clean and contaminated 
operative wounds in the Indianapolis Vet- 
erans Hospital. They were largely made by 
successive generations of surgical residents 
over the past 10 years. The results are here 
recorded in the hope that they may in some 
part add to our fundamental knowledge of 
operative wound healing. 

There is no such entity as a sterile oper- 
ative wound. There are merely varying 
degrees of contaminated wounds and, as 
Hart and Nicks emphasized, this study 
**. .destroyed any confidence we had in the 
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Fic. 1. Growth of 91 colonies on Petri plate exposed 
for 1 hour close by an operative wound. An interesting 
vascular case attracted 15 observers, each of whom added 
to the “‘fallout.” 


sterility of the usual operative field.” An 
astounding number of bacteria are im- 
planted into every wound in every operating 


room by the personnel concerned with the 
operation. 

The type and number of bacteria depend 
upon the personnel, the operating room, 
the size of the wound, and the length of 
time the wound is exposed in the operating 
room. 

The bacterial ‘fallout’? varies greatly 
with the institution and the case at hand. 
In Figure 1 are shown the bacterial colonies 
which grew on a 10 centimeter Petri plate 
exposed for 1 hour, about 20 inches from the 
operative wound, during an_ interesting 
vascular operation which drew extra spec- 
tators. The count was 91 colonies. Prac- 
tically all organisms were pathogenic in the 
sense that they were capable of producing 
infection or an abscess. 


METHOD 


The usual bacterial count on Petri plates 
placed in the operative field in our oper- 
ating rooms has been slightly under 40 col- 
onies per hour. This has been fairly constant 


and has been used as a contaminating 
source of the wounds in the present study, 
For instance, the usual 4 inch open hernior- 
rhaphy wound has an area approximating 
60 per cent of the Petri plate area. There- 
fore, the bacteria known to fall into suc}: a 
wound in each hour would be 40 colonies 
times 60 per cent, or 24. A wound double 
this size and open for 2 hours would, there- 
fore, be contaminated with 96 “‘fallout” 
bacteria. 

From this fact it is seen that the actual 
number of airborne bacteria present in any 
incised wound can be fairly accurately 
known since the same organisms fall into 
the wound and into the adjacent blood agar 
plate. Of course, unknown numbers of 
bacteria are introduced into the wound 
from the skin and from instruments, but at 
least the number and type of airborne bac- 
teria are known and are constant. By wash- 
ing out the wound one might estimate the 
number of bacteria contaminated from this 
source and also judge the efficiency of such 
a lavage. 

The washing process was carried out in 
the following manner. Five milliliters of 
sterile saline were placed in the subcutaneous 
trough of the wound at completion of the 
operation after fascial closure. Double this 
amount was used in large wounds. The 
solution was agitated back and forth with 
the operator’s finger in the subcutaneous 
fat for 30 seconds. The wash solution was 
then placed in the first sample test tube. 
This washing process was repeated a second 
and, occasionally, a third time. One milliliter 
of the samples of the various washings was 
immediately layered on the surface of a 
fresh dextrose agar plate and a colony 
count was made after 48 hours’ growth. 
From this count was calculated the number 
of bacteria removed by the wash water. 

During the early cultures, attempts were 
made in each cultured wound to type and 
trace down each form of streptococcus or 
staphylococcus. This procedure was later 
abandoned, for it is believed that all the 
organisms identified and counted were 
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Fic. 2. Proportion of bacteria removed from clean operative wounds in successive washings. 
Expected contamination is estimated from wound area exposed to operating room contamination. 
Fic. 3. Average number of bacteria removed from each of 165 clean wounds in 412 washings. 
Large numbers must still remain, yet all wounds healed without incident and supposedly would have 


done the same without washing. 


capable of producing wound infection or 
abscess under certain conditions. Of aca- 
demic interest is the particular type, for it 
has not been demonstrated that fewer 
coagulase positive staphylococci are re- 
quired to infect a wound than any other. 
This is merely a more perisistent form after 
infection has taken place. 

Four hundred and twelve cultures were 
made from the washings of 165 clean 
wounds. Another 100 washings were cul- 
tured from contaminated wounds. These 
latter varied from gastric resections to 
actual gross bowel contaminations. 


RESULTS 


As previously noted, the exact bacterial 
percentages must be accepted with reserva- 
tion because of the crude means at our 
disposal. However, the over-all results and 
findings cannot be doubted and should be 
of aid in our general appraisal of wound 
healing. 

On the basis of the previously mentioned 
wound area calculations, there was an 
average estimated airborne contamination 
of 60.5 bacteria in each of the 165 clean 
wounds. These proved to be hemolytic and 
nonhemolytic staphylococcus and strepto- 


coccus and a few tetrads. As indicated in 
Figure 2, an average of 103 bacteria were 
removed with the first wound washing and 
the same (97.4) in the second. Also, occa- 
sionally, a third washing was carried out 
and this produced nearly as many (70). 

This is a strange paradox, to start with 
a known contamination and end up with a 
wound from which are washed several times 
as many bacteria as are known to have 
fallen into it. Of course the exact reason 
for this is not known, but there are several 
explanations which seem quite logical. 
First, there is the added skin contamination; 
second, additional bacteria outside the wound 
are undoubtedly carried into it by gloves 
and instruments; and, last, there is an actual 
multiplication of bacteria in the wound 
at a rate that can be only guessed. How the 
bacteria get there is, of course, important, 
and we are responsible for that error; but 
the miracle before us is the fact that the 
average wound heals so kindly though it 
may harbor hundreds and even thousands 
of pathogenic bacteria. Whether the wound 
is washed or not, a great number must always 
be present for more bacteria can be ob- 
tained repeatedly by continued washing. 

It should be pointed out that the 200 or 
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so bacteria washed from clean wounds are 
an average and presumably that many still 
remain in the wound. In 7 per cent there 
was no growth at all. Absence of growth in 
the wound washings did not indicate a 
sterile wound but merely resulted from some 
fault in the methods and, therefore, these 
were not averaged with the wound count 
shown in Figures 2 and 3. Sterile wounds 
have been reported by Hunt. 

An appreciable number of wound wash- 
ings resulted in a confluent growth on the 
dextrose agar plate which was impossible 
to count or one which was more than 10 
times the expected “‘fallout.’’ These heavy 
growths also were not averaged in the wash- 
ing counts, since the number of bacteria 
present was too great to be explained by 
possible air contamination. The number of 
bacteria in these wounds at times reached 
many thousands (Fig. 3). About one-fifth, 
19.2 per cent, of the washings produced 
this heavy growth indicating a tremendous, 
unusual contamination. It was not until a 
study was made of the surgeons’ gloves that 
a plausible explanation was found. One or 
more holes were found in the surgeon’s gloves 
at the end of operations in 30 per cent of 40 
consecutive cases. This is about the inci- 
dence that has been reported by others and 
is believed to be a potent source of extreme 
contamination in some wounds. As in- 
dicated, the number of bacteria left in such 
wounds may reach several thousand, yet all 
these healed kindly without infection. The 
ways of wound healing are, indeed, beyond 
understanding. 


CONTAMINATED WOUNDS 


Washings from the wound of the usual 
bowel or gastric resection indicated very 
few more bacteria in the wash water than 
in the clean wound group. These cases were 
a minor part of those studied and so they 
are not detailed. The bacterial growth 
differed in that colon bacteria were added 
to the usual staphylococcus and strepto- 
coccus. There were several heavily con- 
taminated wounds of ruptured appendix and 


colectomy in which the number of wound 
bacteria was reduced from thousands io 
hundreds by washing. Therefore, when 
gross contamination has occurred, copious 
irrigations may be of benefit in removing 
bacteria. 

Two wounds which later dehisced were 
cultured in this study. In one case, Esc})- 
erichia coli and staphylococcus were found 
in the original operative wound washings 
in quite average numbers. The same organ- 
isms were found in no unusual numbers on 
the ninth day when the disruption was 
closed. In the second case there was no 
growth in the washings made at the original 
operation. Unfortunately, no wound cul- 
tures were taken on the eighth day when 
the disruption was repaired. Grossly, the 
wound margins appeared quite clean. This 
experience leaves much unknown but at 
least it does suggest that bacteria no doubt 
played a minor part in these wound de- 
hiscences. 


SPLASH BASINS 


It has been the general impression that 
water or saline in the operating room splash 
basin constitutes a definite menace to asepsis. 
There is no question that it receives the 
same operating room contamination as the 
wound itself. After open exposure for 1 or 2 
hours, it would seem to become a veritable 
cesspool. One hesitates to put hands drip- 
ping from this water into the wound and 
certainly would not think of using this water 
to wash out the wound. 

Therefore, it was quite surprising to 
find that the usual splash water is relatively 
clean. True, the total count in the basin may 
be one or two thousand bacteria, but the 
count per milliliter of that water averaged 
less than 1; and even in operations lasting 
several hours it was never more than 3 
bacteria for each milliliter. Of course, it 
is not advocated that this water should be 
used when sterile solutions are available; 
however, the splash basin does not con- 
stitute the menace which it was formerly 
considered to be. 
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pISCl sSION 


Tie present query fails to explain the 
exaci mechanism of any beneficial effect 
obta:ied from wound irrigation. It re- 
emp! asizes the concept that all operative 
wou: ds are contaminated—not with a few 
orga: isms but occasionally with thousands of 
bactria. The contaminating organisms were 
larg: iy hemolytic and nonhemolytic staph- 
ylococcus and streptococcus, yet wounds 
healed beautifully without the least sugges- 
tion of infection. 

In this connection I would like to observe 
that | have never seen empyema or even 
moderate wound infection follow emergency 
thoracotomy and exposure of the heart 
for cardiac standstill. That it may occasion- 
ally occur I do not doubt, but certainly 
infection of this incision made through con- 
taminated sheets, gowns, hair, and dirty skin 
must be rare indeed. 

There has been an overemphasis on bac- 
terial wound contamination and too little 
attention paid to other factors. These factors 
do not enter into the present discussion but 
a few might be cited without evaluation. 
They would include the vascularity of the 
wound and its particular site, local resist- 
ance, general resistance, foreign bodies, and, 
above all, constricting suture which deprive 
the wound of its expected blood supply. Too 
few surgeons are familiar with the ingenious 
experiments of Elek on human volunteers, 
indicating the tremendous hazard to wound 
infection of a single foreign body suture. 
Those continually obtaining cultures from 
others’ noses might better be engaged in re- 
evaluating the dangers of the lowly suture. 

The present work indicates that usual 
irrigation of relatively clean postoperative 
wounds is highly inefficient in removing 
bacteria from the wound surface. Once in 
contact with bare tissue, bacteria resist re- 
moval by washing. Each successive washing 
leaves behind as many bacteria as have been 
removed. Undoubtedly, more organisms 
might be removed by the use of large quan- 
tities of irrigating saline, but this procedure 
does not lend itself to experimental evalua- 


tions. However, in order to explore this 
possibility in a minor way 20 additional 
wounds were washed with a liter of sterile 
saline. Before and after this procedure the 
operator’s gloved finger was used as previ- 
ously to wash the subcutaneous wound 
mechanically for 1 minute. The culture re- 
sults were much the same as those recorded. 
In half, more bacteria were obtained after 
washing than before the liter of saline was 
used. 

There can be no doubt of the clinical im- 
pression that irrigations aid healing in cer- 
tain wounds. It seems most likely that the 
benefit comes from the removal of gross 
foreign material such as fat, detritus, and 
blood clots. Many clean operative wounds 
yield a gram or more of this material which 
acts as a tempting foreign body nidus for 
the ever-present bacteria. 


SUMMARY 


The irrigation of wounds prior to closure 
is generally considered useful. A query is 
made into the mechanism of this benefit. 

As is well known, primary wound healing 
depends upon many variable factors. It is 
suggested that within limits, the least im- 
portant of these is the number of bacteria 
present in the wound. Many hundreds and 
even thousands of pathogenic organisms 
may be present in a wound which heals 
without incident. Cultures made indicate 
that the usual wound irrigation is a very 
inefficient means of removing bacteria un- 
less the wound is grossly and heavily con- 
taminated. The irrigations may actually 
force bacteria into deeper crevices hitherto 
not infected. 

The most important benefit derived from 
irrigation of the usual clean wound is the 
removal of fat, detritus, and blood clots 
which might act as a foreign body nidus 
encouraging bacterial growth. Removal of 
this possibility is worth the effort. 

Attention is called to the fact that one- 
fifth of ‘‘clean’’ wound washings contained 
an exceptionally heavy contamination. A 
check indicated that 30 per cent of the sur- 
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AN EVALUATION OF SYNDACTYLIA REPAIR 


DOM ALD B. KETTELKAMP, M.D., and ADRIAN E. FLATT, M.D., F.A.C.S., 


Iowa City, Iowa 


THis ARTICLE is based on an evaluation of 
the results obtained in 69 patients in whom 
synd.actylia was repaired in the Department 
of Orthopedic Surgery, State University of 
low: Hospitals, from 1946 to 1960. The 
methods of repair of syndactylia and the 
influence of factors other than the operative 
technique are evaluated. 

The literature on syndactylia repair 
primarily pertains to the technique of 
various Operative procedures. Few articles 
discuss in detail the results of the operative 
procedures described. In the current litera- 
ture, there are no detailed accounts of the 
results of the operative procedures evaluated 
in this study. 

Syndactylia is classified as complete when 
the web extends to the ends of the fingers 
and as incomplete when it does not. The 
condition is further classified as simple when 
the web contains only soft tissue and com- 
plicated when adjacent phalanges are fused 
or when there is interposition of accessory 
phalanges. Frequently, abnormalities of 
nerves, vessels, and tendons are also pres- 
ent. 

Syndactylia may occur either as a de- 
velopmental defect, due to an arrest of fetal 
development between the sixth and eighth 
weeks of fetal life, or as an inherited charac- 
teristic. The incidence of syndactylia is 
variously given as from 1 in 1,000 to 1 in 
3,000 births. A family history of syndactylia 
iscommon, and in this study a family history 
was present in 40 per cent of the patients. 
Syndactylia is more common in males than 
in females. In various series, the percent- 
age of male to female patients with syn- 
dactylia was: 68 to 32 per cent in Davis and 


_ From the Department of Orthopedic Surgery, State Univer- 
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German’s series; 66 to 34 in MacCollum’s; 
56 to 44 in Barsky’s (1); 63 to 37 in Kite’s; 
and 84 to 16 in Nylen’s. The incidence of 
syndactylia in the patients studied in this 
series was 60 per cent males to 40 per cent 
females. In 60 per cent of the patients in this 
series, syndactylia was unilateral, and the 
left hand was involved twice as often as 
the right. Syndactylia most often occurs 
between the middle and ring fingers. The 
frequency of involvement of the digits in 
this series as compared with that reported by 
Nylen was: thumb and index finger in 7 ver- 
sus 14 per cent; index and middle fingers in 
15 versus 18 per cent; middle and ring fin- 
gers in 50 versus 43 per cent; and ring and 
little fingers in 28 versus 25 per cent. Fifty 
per cent of the cases in our series involved 
the middle and ring fingers, 28 per cent the 
ring and little fingers, 15 per cent the middle 
and index fingers, and 7 per cent the index 
finger and thumb. 

Congenital anomalies other than those of 
the upper extremity are common in pa- 
tients with syndactylia and should be looked 
for. Sixteen of the 34 patients studied had 
additional congenital anomalies. ‘The most 
frequent consisted of syndactylia of the toes, 
polydactylia of the toes, and cleft feet. ‘This 
finding is similar to Kite’s in which the in- 
cidence of syndactylia of the toes was also 
high in patients who had syndactylia of the 
fingers. The incidence of the various anom- 
alies in the 69 patients studied was: syn- 
dactylia of toes in 7; polydactylia of toes in 
3; cleft (lobster) feet in 2; absence of toes in 
1; hemangioma of toe in 1; capillary 
hemangioma of head in 1; multiple small 
hemangiomas in 1; congenital constriction 
bands in 1; infantile scoliosis in 1; congenital 
absence of nasolacrimal duct in 1; congeni- 
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Fic. 1. Method of syndactylia repair described by 
Cronin. The commissure is formed by dorsal and volar 
triangular flaps. The fingers are separated by zigzag in- 
cisions. The flaps thus formed are approximated, and the 
remaining denuded surface is covered with skin grafts. 


tal absence of part of pectoralis major in 1; 
and strabismus in 1. 


SURGICAL PROCEDURES 


The goal in repair of syndactylia is: to 
produce a commissure between the in- 
volved fingers which is supple; to cover the 
adjacent sides of the involved fingers with 
supple skin which does not limit their mo- 
tion; and to produce a commissure and 
fingers which are cosmetically similar to 
normal. 

The surgical procedures devised to attain 
this goal may be divided into three main 
groups: those which utilize (1) the available 
skin to form the commissure and cover the 
fingers; (2) skin grafts, either full or split 


StL 


Fic. 2. Method of syndactylia repair described by 
Barsky. The commissure is formed by a single triangular 
flap. The fingers are separated by zigzag incisions. The 
flaps thus formed are approximated, and the remaining 
denuded surface is covered with skin grafts. 


thickness, to form the commissure and cover 
the fingers; and (3) a combination of the 
available local skin and skin grafts. 

Most of the syndactylia repairs evaluated 
were performed by the operations described 
by Cronin (4, 5), by Barsky (2), or by Bauer, 
Tondra, and Trusler. 

The procedure described by Cronin 
utilizes dorsal and volar triangular flaps to 
form a commissure (Fig. 1). The fingers are 
separated by zigzag dorsal and volar inci- 
sions which form small triangular flaps. 
These flaps are then approximated and the 
remaining denuded areas are covered with 
skin grafts. 

The procedure described by Barsky uses a 
single triangular flap to form a commissure 
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(Fig. 2). The fingers are separated by zig- 
zag incisions which are closed in the same 
mai ner as in the preceding operation. 

The procedure of Bauer, Tondra, and 
Tru-ler utilizes a dorsal rectangular flap to 
fori: the commissure (Fig. 3). A second 
rect. ingular flap based on the palmar aspect 
of one finger is used to cover the proximal 
portion of that finger. Distal to the rec- 
tanvular flaps, the fingers are separated with 
zig7ag incisions as in the previous pro- 
cedures. The coverage of the fingers is ob- 
tained with the flaps formed by the zigzag 
incisions and by small full thickness skin 
gralts. 

Each of these three operations utilizes 
zigzag incisions to separate the fingers 
which are covered by the flaps thus formed, 
supplemented with small skin grafts. ‘The 
use of zigzag incisions is important as the 
irregular line formed in the closure tends to 
minimize linear scarring. These three pro- 
cedures vary in the formation of the com- 
missures: One using a triangular flap; one 
using two triangular flaps; and one using 
a rectangular flap. A few of the procedures 
used in this series were modifications of 
other operations. Therefore, the results in 
the closure of the sides of the fingers and 
formation of the commissures were evaluated 
separately. 

RESULTS 

The points evaluated were: (1) the results 
of the closure of the sides of the fingers, (2) 
the results of the formation of the commis- 
sures, (3) the effect of the degree of syndac- 
tylia on the results, (4) the effect of the age 
of the patient at the time of operation on 
the results, (5) the effect of the type of post- 
operative immobilization on the results and 
on healing, and (6) graft pigmentation in 
relation to donor site. 

The results were rated as satisfactory, 
acceptable, and unsatisfactory. The results 
of the methods of covering the sides of the 
fingers were rated on the basis of function. 
They were downgraded when the func- 
tional result was less than anticipated and 


Fic. 3. Method of syndactylia repair described by 
Bauer, Tondra, and Trusler. The commissure is formed 
by a dorsal rectangular flap. A second rectangular flap 
based on the palmar aspect of one finger is used to cover 
the proximal portion of that finger. Distal to the rec- 
tangular flaps the fingers are separated by zigzag inci- 
sions. The flaps thus formed are approximated and the 
remaining denuded surface is covered with skin grafts. 


if it was affected by such complications of 
repair as linear scarring, secondary bow- 
stringing, and contractures. A satisfactory 
result was one in which there was full range 
of motion or only minimal limitation of mo- 
tion. An acceptable result was one in which 
there was moderate limitation of motion, 
the motion present being in a useful range 
and the functional result not poor enough 
to warrant surgical revision. An unsatis- 
factory result required surgical revision. The 
commissures were rated similarly on a basis 
of width, location, and scarring. When the 
fingers had additional congenital anomalies, 
such as brachydactylia, the results were 
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Fic. 4. The results of the methods of closure of the sides of the fingers. The drawings illustrate grossly 


the method used in each group. 


based on the estimated function possible in 
fingers with those deformities without syn- 
dactylia. 

Results of closure at the sides of the fingers. 
The results of closure at the sides of the 
fingers are presented in Figure 4. The results 
for the use of zigzag incisions and grafts are 
presented in Figure 4, I. There were 55 re- 
pairs in this group with 48 satisfactory, 3 
acceptable, and 4 unsatisfactory results. 
Three of the 4 unsatisfactory results fol- 
lowed repairs on patients less than 18 
months of age. The results from the use of 
straight incisions and grafts are presented in 
Figure 4, II. There were 6 repairs in this 
group. Four were satisfactory, and 2 were 
acceptable. Straight incisions with primary 
closure ‘in one or both fingers are presented 
in Figure 4, III. The results from skin 
bridge and grafts are presented in Figure 4, 


IV. The results from the use of curved inci- 
sions and grafts are presented in Figure 4, 
V. There were 2 repairs in each of these last 
three groups and all repairs were satis- 
factory. There were too few repairs in the 
last four groups to allow comparison of the 
methods of separating and covering the 
fingers. All of the methods evaluated can 
give satisfactory results. In most instances of 
syndactylia, the involved fingers can be 
separated and closed by zigzag technique 
with the expectation of a satisfactory result. 
Results of commissure formation. In all but 
2 instances, the commissures were formed 
by three methods: (1) a dorsal or palmar 
rectangular flap, (2) a dorsal or palmar 
triangular flap, and (3) combined dorsal 
and palmar triangular flaps. In the 2 re- 
maining cases, the commissures were formed 
by grafts. The results are presented 
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Fic. 5. The results of the methods of commissure formation. The drawings illustrate grossly the 
method used in each group. 


Figure 5. Twenty-five commissures were _ satisfactory. There were too few cases in this 
formed with a rectangular flap (Fig. 5, I); age group with combined triangular flaps 
15 of these were satisfactory, 5 were ac- to allow comparison. It would thus appear 
ceptable, and 5 were unsatisfactory. A that a satisfactory commissure can be formed 
single triangular flap was used to form the as frequently by one method evaluated as by 
commissure in 27 repairs with 18 satis- another when the patients are in a similar 
factory, 7 acceptable, and 2 unsatisfactory age group. It will be noted that it was more 
results (Fig. 5, II). Combined dorsal and difficult to obtain a satisfactory commissure 
palmar triangular flaps were used to form _ than to obtain satisfactory closure of the 
13 commissures. Results in 9 of these were _ fingers. 


satisfactory, in 3 acceptable, and in 1 un- Because there was no significant dif- 
satisfactory (Fig. 5, III). Two commissures ference between the results of methods 
were formed by grafts alone with 1 satis- | evaluated, the remaining comparisons deal 


factory and 1 unsatisfactory result (Fig. 5, | with the group as a whole. 

IV). The effect of the degree of syndactylia on the re- 
When a patient was over 18 months of sults. The results of syndactylia repair when 

age at the time of operation, 75 per cent of | tabulated with the degree of syndactylia 

the results with a rectangular flap and 76 showed the anticipated correlation. The 

per cent with a single triangular flap were more complicated the syndactylia, the more 








frequent the unsatisfactory results. In 48 of 
67 instances, the syndactylia was complete. 
In 31 cases of simple complete syndactylia, 
there was 1 unsatisfactory result of closure 
of the fingers and 6 unsatisfactory commis- 
sures. There were 17 instances of compli- 
cated complete syndactylia in 12 of which 
one pair of phalanges, usually the distal 
pair, were fused. In these 12 there were 3 un- 
satisfactory results of closure of the fingers 
and 3 unsatisfactory commissures. ‘There 
were no unsatisfactory results in the cases 
of simple incomplete syndactylia or of syn- 
dactylia with associated brachydactylia. 

One patient not reported elsewhere in 
this article illustrates two approaches to the 
problems associated with complicated syn- 
dactylia. This child had complete syndac- 
tylia of the middle and ring fingers bi- 
laterally with interposed phalanges, fused 
distal phalanges, and radial rotation of the 
ring fingers. The right hand was treated by 
separation of the fingers with a zigzag inci- 
sion, excision of the interposed phalanges, 
division of the fused terminal phalanges, and 
formation of the commissure with a dorsal 
rectangular flap (Fig. 6). This repair failed 
because of a severe rotational deformity of 
the ring finger which eventually necessitated 
its amputation. On the opposite hand, the 
syndactylia was treated by amputation of 
the ring finger and the distal portion of the 
fourth metacarpal, excision of the inter- 
posed phalanges, and primary closure of 
the ulnar border of the middle finger in a 
zigzag manner. This procedure resulted in a 
three-fingered hand; however, functionally 
and cosmetically, it was much better than 
the opposite hand. Two other patients had a 
very tight complete syndactylia with fused 
phalanges involving three fingers. In each 
case the central digit was excised at the time 
of repair. Both of these patients had satis- 
factory results. 

The effect of the age of the patient at operation 
on the results. The results in the sides of the 
fingers and the commissures were compared 
in patients under 18 months old and over 18 
months old at the time of operation. There 
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were 3 unsatisfactory results for closure of 
the fingers in 29 patients younger than 18 
months as compared with 1 unsatisfactory 
result in 38 patients more than 18 months 
old. The difference in results is even greiter 
for the commissures. In 28 repairs in patients 
under 18 months of age, there were 7 
unsatisfactory results compared with oily 
2 unsatisfactory results in 39 repairs in ))a- 
tients over 18 months of age. On the basis of 
these findings, it would appear to be un- 
wise routinely to repair syndactylia in c\iil- 
dren less than 18 months old. 

The effect of the postoperative immobilization 
on the results and on healing. ‘Two types of 
postoperative immobilization were used. 
The first group was immobilized by a bulky 
fluff dressing with the fingers which were 
operated upon abducted and wrapped with 
an elastic bandage. The dressing was re- 
moved when the incisions were healed, usu- 
ally in 10 to 14 days. The second group was 
immobilized by passing a silkworm gut su- 
ture through the pulp of the two fingers op- 
erated upon. The silkworm gut suture was 
then incorporated into a plaster cast with 
the fingers abducted. The cast and sutures 
were removed about 3 weeks after operation. 

There were 3 unsatisfactory results for 
the closure of the sides of the fingers when 
the postoperative immobilization was by 
dressings alone. The type of immobilization 
used for the remaining unsatisfactory result 
is not known. There were 2 instances of 
known secondary healing with plaster and 
silkworm gut immobilization and 6 cases of 
secondary healing when dressings alone 
were used. 

There were 8 unsatisfactory results in the 
commissures when dressings alone were 
used for immobilization as compared with 1 
unsatisfactory result when plaster and silk- 
worm gut immobilization was used. Once 
again, the instance of secondary healing was 
greater than when the immobilization was 
by dressings alone. 

The incidence of unsatisfactory results in 
secondary healing was less when the fingers 
were immobilized postoperatively with silk- 











e of 
1 18 
tory 
nths 
‘ater 
ents 


0! ily 
| a= 
is of 
un- 


chil- 


alion 
s of 
sed. 
ulky 
vere 
with 
 re- 
usu- 
was 
- su- 


was 
with 
ures 
ion. 

for 
Then 


tion 
sult 
s of 
and 
»s of 
lone 


the 
vere 
th 1 
silk- 
nce 
was 
was 


ts in 
gers 
silk- 





Kettelkamp and Flatt: EVALUATION OF SYNDACTYLIA REPAIR 477 


worn gut sutures incorporated in a plaster 
cas! 


~— 


aft pigmentation in relation to donor site. 
Pig nentation of split thickness and a full 
thic ness skin graft was common 3 years or 
mo'e after operation. Only 2 grafts, both of 
ful! thickness, showed increased pigmenta- 
tio: in less than 3 years. One of these was 
fro: the groin and 1 from the antecubital 
are. Abdominal full thickness skin grafts 
wei used in 18 repairs in which the follow- 
up period was more than 3 years. Increased 
pigmentation was present in 12 of these 
cascs. Full thickness grafts from the groin 
were used in 4 patients with a more than 3 
year follow-up, and in 3 of these there was 
increased pigmentation. Split thickness skin 
grafts were used in 2 patients with over a 3 
year follow-up, and there was increased 
pigmentation in both. None of the full 
thickness grafts from the antecubital area 
have been observed longer than 3 years so 
the incidence of pigmentation from this 
donor site remains unknown. 


CONCLUSIONS 


The goal in syndactylia repair is to pro- 
duce a commissure between the involved 
fingers which is supple and to cover the 
adjacent sides of the involved fingers with 
supple skin which does not limit their mo- 
tion. This goal can be accomplished by 
forming the commissure with a flap. In this 
series, equal success was obtained if a rec- 
tangular flap, a triangular flap, or combina- 
tion of dorsal and palmar triangular flaps 
was used to form the commissure. The use 
of zigzag incisions and small grafts as needed 
resulted in the coverage of the adjacent 
sides of the involved fingers with supple skin 
which did not limit their motion in most 
instances. It was more difficult to obtain a 
satisfactory commissure than to obtain satis- 
factory coverage of the involved fingers. 

Satisfactory results were more difficult to 
obtain in complicated than in. simple 
syndactylia. Satisfactory results or accept- 
able results were obtained in all instances of 
incomplete syndactylia. Satisfactory results 





Fic. 6. This photograph shows the result of syndactylia 
repairs on two hands with the same deformity. The 
syndactylia was complete. There were three phalanges 
interposed between the middle and ring fingers with all 
three distal phalanges fused together. The ring fingers 
were rotated toward the radial side of the hand. On the 
left, the interposed phalanges, the ring finger, and the 
distal portion of the fourth metacarpal were removed. 
The ulnar border of the middle finger was closed in a 
zigzag manner. On the right, a commissure was formed 
with a dorsal rectangular flap, the fingers were separated 
with zigzag incisions, and the interposed phalanges re- 
moved. The ring finger was eventually amputated be- 
cause of interference with function caused by the de- 
formity shown. 


were more difficult to obtain in complete 
syndactylia, particularly when fused pha- 
langes or interposed phalanges were present. 
In severe complicated syndactylia the exci- 
sion of one of the involved digits was oc- 
casionally necessary for a satisfactory result. 

There was a greater incidence of un- 
satisfactory results when the syndactylia re- 
pair was undertaken on a child under 18 
months of age. Technically the repair was 
more difficult when the child was less than 
18 months old. Patients in this age group 
were unable to co-operate in their postoper- 
ative care. The effect of growth on the re- 
sults of syndactylia repairs on these small 
hands is not known. 

The type of postoperative immobilization 
made no significant difference in the results 
of the repairs of the sides of the fingers. The 
results for the commissures were better when 
silkworm gut with plaster immobilization 
was used. The use of silkworm gut and plas- 
ter immobilization decreased the incidence 
of secondary healing of the sides of the fingers 
and of the commissures. 
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Pigmentation of split thickness and full 
thickness grafts from the abdomen and groin 
was common 3 years or more after oper- 
ation. The follow-up period has not been 
sufficiently long to note the incidence of 
pigmentation of full thickness antecubital 
grafts. 


SUMMARY 


Sixty-nine syndactylia repairs in 34 pa- 
tients are reviewed. The type of procedure 
used in the majority of the patients was 
similar to those described by Barsky, Cronin, 
and Bauer, Tondra, and Trusler. In 55 of 
these syndactylia repairs, the fingers were 
separated by zigzag incisions and grafts, 
with 4 unsatisfactory results. In most cases, 
the involved fingers can be separated and 
closed by zigzag technique with the ex- 
pectation of a satisfactory result. 

Commissures can be formed by the use of 
a dorsal or palmar rectangular flap, a dorsal 
or palmar triangular flap, or combined 
dorsal and palmar triangular flaps with 
about equal expectation of satisfactory re- 
sults. 

The more complicated the syndactylia, 
the more frequent the unsatisfactory re- 
sult. 

The most important factor influencing 
the result of repair was the age of the patient 
at operation. There were fewer unsatis- 
factory results when the patient was more 
than 18 months old. 


The type of postoperative immobilization 
had little effect on the results for closure of 
the sides of the fingers. The results for ihe 
commissures were better with immobiliza- 
tion with plaster casts and silkworm eut 
sutures. Pigmentation of the full thickness 
grafts and of split thickness grafts from t\\e 
groin and the abdomen was common 3 or 
more years postoperatively. There has becn 
insufficient follow-up of the antecubital 
grafts to ascertain the incidence of pig- 
mentation of full thickness grafts from this 
area. 

More information is needed regarding 
the effect of associated nerve, tendon, and 
vessel anomalies and of growth on the re- 
sults of syndactylia repair. 
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FRACTURES OF THE FLOOR OF THE ACETABULUM AND 
TR\UMATIC CENTRAL DISLOCATION OF THE HIP 


M. F WINSTON, M.B., F.R.C.S., Bolton, England 


THis ARTICLE is presented to direct atten- 
tion \o the results of conservative treatment 
of fractures of the floor of the acetabulum 
and \raumatic central dislocation of the hip. 
It has been maintained that a satisfactory 
result is possible with conservative treat- 
meni, the result very often being better than 
the roentgenographic appearance would 
seem to indicate. Recently, there has been 
criticism of the results of conservative treat- 
ment, and a surgical approach to the prob- 
lem has been put forward. It is hoped that by 
assessing the results of a series of fractures 
treated conservatively some conclusion may 
be drawn as to whether surgical interven- 
tion is indicated. 

This injury is becoming increasingly com- 
mon as a result of the automobile accidents 
of today. The type of fracture incurred 
depends upon the position of the limb at the 
moment of injury. Fracture of the acetabu- 
lum may occur without displacement or 
with a varying degree of medial displace- 
ment of the inner wall. The head of the 
femur may lie under the weight-bearing 
part of the roof of the acetabulum or show a 
varying degree of displacement. Knight and 
Smith have described the anatomy involved 
and classified the fracture as horizontal or 
vertical. Pennal, reporting a series of 40 
cases of traumatic dislocation of the hip, 
classified the fractures of the hip into an 
anterior and a posterior group. 

In this series, 46 patients have been 
treated, 14 of whom did not have long term 
follow-up examinations. Of the remaining 
patients, 20 had fractures of the acetabulum 
with or without displacement of the medial 
wall and with little or no displacement of 
the head of the femur, and 12 had a more 
severe type of fracture in which there was a 
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varying degree of displacement of the head 
of the femur medially. 

In the past, there has been no uniform 
method of treatment and several different 
forms have been carried out. Many pa- 
tients were treated by skin traction or 
skeletal traction in the line of the limb. In 
some patients these methods were combined 
with lateral traction. 

A review of the roentgenograms in the 
early group of patients showed improvement 
in the position of the head of the femur in 8 
of 11 instances, but the acetabular fragments 
followed the head in only 2 patients. More 
recently, the initial position of the fracture 
has been accepted and early mobilization 
encouraged, the fracture being treated 
symptomatically. If the symptoms did not 
permit early mobilization, Russell traction 
was applied with a progression to crutches 
and weight bearing, depending entirely 
upon the patient’s response to mobilization. 


END RESULTS 


The following simple classification was 
adopted: group 1, fractures of the medial 
wall of the acetabulum with or without a 
varying degree of displacement of the medial 
wall and with little or no displacement of 
the head of the femur; group 2, fractures 
with a greater degree of displacement of the 
head of the femur. A simple assessment of 
function also was adopted, function being 
graded as good, fair, or poor. The cases of 
32 patients who had been assessed clinically 
were reviewed, and recent roentgenograms 
were compared with those taken at the time 
of injury. According to this classification the 
results were as follows: group 1— 18 good and 
2 fair results; and group 2—10 good, 1 fair, 
and 1 poor result. 
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Fic. 1. Male, group 1, fracture of floor of acetabulum 
with medial displacement. Roentgenogram taken 8 years 
after injury. Function is good. Patient does not limp, is 
without pain, and can walk any distance. Flexion of 110 
degrees; abduction, adduction, and internal rotation of 
20 degrees; and no external rotation. 


DISCUSSION 


The problem would appear to lie in selec- 
tion of the type of fracture which would 
most benefit from an attempt to restore the 
anatomy to normal and do badly without 
reduction. It is often impossible in fractures 
into joints to obtain anatomic reduction 
even with open operation. If, however, 
early mobilization is carried out the broken 
irregular surface of the joint molds to fit 
its Opposing part as in comminuted frac- 
tures of the knee and elbow when better 
results are obtained with early mobilization 
than by open operation with or without fix- 
ation. The end results in this series would 
suggest that in the hip joint too, satisfactory 
results can be obtained with early mobi- 
lization, and, although many of the roentgen- 
ograms show irregularity of the joint, the 
clinical function has been good, and there 
are only 1 or 2 patients in whom further 
measures would be contemplated. The 
irregularities seen on the roentgenograms 


are not necessarily associated with osteo- 
arthritis of the hip. 

There seems to be no doubt that the pa- 
tients with group 1 fractures should be 
treated conservatively and that operation to 
improve the anatomic position is unjustilied. 
In only 1 patient in group 1 did symptoms 
of sufficient severity develop to justify opcra- 
tive measures. In all the others, funciion 
was satisfactory and it is questionable, 
therefore, whether operation is indicated for 
fractures of the floor of the acetabulum with 
medial displacement of the inner wall. 

After 8 years 1 patient could walk any 
distance and could ride a bicycle (Fig. 1). 
He experienced no pain and walked without 
a limp. Flexion was satisfactory but other 
movements were restricted. 

In group 2, in which the head of the 
femur has been displaced medially, it is 
difficult to decide upon the type of fracture 
suitable for operation. Armstrong suggested 
that early fusion might be considered in this 
type of injury. If the head of the femur is 
under the weight-bearing quadrant of the 


acetabulum, function is usually good. Severe 
comminution of the acetabulum and medial 
displacement of the head of the femur can 
also be associated with good function. 


Fic. 2. Female, 35 years old, group 2. Roentgenogram 
taken on day of accident shows a fracture of the floor of 
the acetabulum and the ilium above the head of the 
femur. 
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Fic. 3. 


Fic. 4. 


Fic. 3. Male, group 2. Roentgenogram taken at time of accident shows a comminuted fracture of 
the floor of the acetabulum and of the ilium above the head of the femur. 

Fic. 4. Same patient as in Figure 3. Roentgenogram taken 3 years after accident shows a dis- 
torted acetabulum with no change in position of the head of femur when compared with original 
roentgenogram. Function is good and he is working as a bus driver. Flexion of 45 degrees, rota- 
tion of 10 degrees, abduction of 50 degrees, and adduction of 30 degrees. He wears a raised shoe. 


Seven patients are representative of group 
2 fractures in which injury to the hip was 
more severe. Figures 2 to 4 show a more 
comminuted type of fracture while Figures 
5 to 7 show varying degrees of central dis- 
placement of the head of the femur. Despite 
the severity of these injuries, all these pa- 
tients had good function at the time of re- 
view, and in no instance was there any indi- 
cation for further measures. 

At follow up, 2 years after the accident, 1 
patient had excellent function and could 
carry on all her normal activities. She wore 
a % inch raise, could walk any distance, 
negotiate stairs normally, and could run. 
There was some loss of abduction and in- 
ternal rotation but other movements were 
satisfactory (Fig. 2). 

Figure 3 shows a comminuted fracture of 
the floor of the acetabulum and of the ilium. 
A roentgenogram (Fig 4) taken 3 years later 
shows a distorted acetabulum with the 
position of the head of the femur unchanged. 
Clinically, the patient had good function 
and, in spite of some reduction of move- 
ment, worked as a bus driver. 


One patient had satisfactory function for 
7 years before some pain developed in the 
hip (Fig. 5). 

Another patient, 9 years after the acci- 
dent, had a fair result and could walk any 
distance (Figs. 6 and 7). 

Rowe (4) reviewed 31 severe central 
fracture dislocations of the hip with an 
average follow up of 4 years. Twenty-three 
patients were treated by closed methods. 
In 13 cases the result was good and in some 
excellent. Eight of the 31 hip fractures were 
treated by open reduction. The result was 
excellent in 1 instance, good in 5—in 2 of 
which the initial treatment had been cup 
arthroplasty—and poor in 2. This series also 
indicated a more favorable prognosis to 
closed treatment and supported the view 
that one should not be too discouraged with 
conservative treatment of this type of injury. 

Rowe and Lowell (5) reported a series of 
93 patients with fractures of the acetabulum 
which were classified into 4 groups based up- 
on the original epiphysial divisions of the 
acetabulum. In group 1, undisplaced linear 
fractures, the results were excellent and late 
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Fic. 5. Male, group 2. Seven years after accident 
roentgenogram shows narrowing of the joint space. 
There is shortening of the leg with flexion of 70 degrees, 
only a few degrees of abduction and adduction, and 
practically no rotation. 


degenerative arthritis did not develop. In 
group 2, posterior acetabular fractures, the 
results were excellent to good in 65 per cent 
and fair to poor in 35 per cent depending on 
the degree of joint stability and the amount 
of injury to the femoral head. In group 3, 
inner wall fractures, the results were excel- 
lent to good in 90 per cent with only 10 per 
cent classified as fair and none as poor. In 
93 per cent of the patients in this group 
treatment was by the closed conservative 
method. 


Fic. 6. Female, group 2. Roentgenogram taken at time 
of accident shows head of the femur displaced medially 
with part of the floor of the acetabulum. 


October 1961 


Fic. 7. Same patient as shown in Figure 6. This 
roentgenogram was taken 9 years after the accident 
and shows the position of the head of the femur to be 
unaltered. Function is fair, and the patient can walk for 
any distance. 


Rowe and Lowell (5) believe that reduc- 
tion of the inner wall is unnecessary so long 
as the femoral head remains under an intact 
superior articular dome. In group 4, superior 
dome and bursting fractures, joint function 
was excellent to good in 58 per cent and 
fair to poor in 42 per cent. They believed 
that the outcome in this group was more 
difficult to predict but seemed to depend on 
the restoration of a reduced or congruous 
articular surface of the superior dome and a 
proper relationship of the femoral head with 
respect to the superior dome. They con- 
sidered that open reduction for this group 
should be reserved for those fractures in 
which the superior dome was appreciably 
displaced and not sufficiently improved by 
closed treatment, provided that the frag- 
ments were of such a size that they could be 
manipulated and fixed to restore congruity. 
Otherwise, initial conservative treatment 
was the method of choice with reconstruc- 
tion later if needed. 

This series of 46 patients was confined to 
patients in groups 3 and 4 as classified by 
Rowe and Lowell (5). Group 1 has not 
been included in the review but results in 
all undisplaced linear fractures were excel- 
lent. In group 3, inner wall fractures, the 
results more or less agreed with the findings 
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of Rowe and Lowell (5), and there would 
appe ir to be no indication for open reduc- 
tion in this type of fracture. In group 4, the 
resulis are difficult to predict, and the fact 
that ‘he results in many of the patients in 
this -eries were good would suggest that 
initia! conservative treatment is the method 
of choice, with reconstruction at a later date 
if nec essary. 

It would appear, therefore, that the results 
of coservative treatment are not to be con- 
sidered lightly. In some instances, hip func- 
tion will be poor whether the fracture is 
treated by the open or closed method. Open 
reduction would not seem justified as the 
method of choice in any particular group of 
fractures, and surgeons who advocate open 
reduction must demonstrate that patients 
upon whom operation was performed have a 
smaller incidence of arthritis and of poor 
results. Any report based upon short term 
follow-up will be of limited value because it 
will take considerable time before the end 
results of open operation can be satisfac- 
torily assessed. 


SUMMARY 


1. A series of 46 patients with fractures 
of the acetabulum were treated, 32 of 
whom were followed up for review. 

2. The fractures were divided into two 
groups: group 1, fractures of the inner wall 
of the acetabulum with no displacement of 
the head of the femur, in which results were 
satisfactory after conservative treatment and 
there appeared to be no indication for in- 
ternal fixation; group 2, more severe frac- 
tures of the acetabulum, some with dis- 
placement of the head of the femur, in 
which there were a sufficient number of 
good results to justify conservative treatment 
until the long term results of open reduction 
are known. 
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THE EFFECT OF PITRESSIN ON CARDIAC OUTPUT AND 
CORONARY, HEPATIC, AND INTESTINAL BLOOD FLOW 


THEODORE DRAPANAS, M.D., F.A.C.S., C. PETER CROWE, M.D., 
WALTON K. T. SHIM, M. D., and WORTHINGTON G. SCHENK, JR., M.D., F.A.C.S., 


Buffalo, New York 


ALTHOUGH CONSIDERABLE EVIDENCE at the 
present time indicates that posterior pitui- 
trin (vasopressin, pitressin® ) may produce a 
beneficial lowering of portal venous pressure 
when administered to patients with cir- 
rhosis and bleeding esophageal varices, 
some controversy exists regarding the mech- 
anism which produces this decrease. In an 
attempt by various investigators to define 
the hemodynamics involved in the portal 
hypotensive action of pitressin, at least 3 
possible mechanisms have been postulated. 
McMichael in 1932 suggested that pitressin 
lowers hepatic resistance either by closure of 
intrahepatic arteriovenous shunts or by re- 
laxation of the hepatic venous outflow tract. 
Another hypothesis supported by Eiseman 
and Johnson and their associates attributes 
the portal hypotensive effect of pitressin to 
the closure of submucosal gastroenteric 
arteriovenous shunts, thereby diverting 
blood into the capillary bed of the intestinal 
mucosa which results in a diminished portal 
pressure and portal oxygen content. Per- 
haps the most popular interpretation, at 
present, emphasizes the vasoconstrictive ef- 
fect of pitressin on splanchnic arterioles re- 
sulting in an increased splanchnic resistance 
and a selective redistribution of blood away 
from the portal system. 

It became apparent to us, however, that 
in the increasing enthusiasm for the clinical 
use of pitressin for bleeding esophageal 
varices very little consideration has been 
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given to its possible generalized systeric 
vasoconstrictor effects which would also be 
important variables in the control of hepatic 
blood flow and portal pressure. 

In the present study, utilizing the square 
wave electromagnetic flowmeter, direct 
measurement of hepatic, intestinal, and 
coronary blood flow and cardiac output 
was performed in anesthetized dogs in an 
attempt to define more clearly the hemo- 
dynamics involving the alterations in portal 
pressure after infusions of pitressin. 


METHODS 


Twenty-five adult, mongrel dogs weigh- 
ing 19 to 40 kilograms were studied in 3 
experimental groups. 

Group 71. Eighteen dogs were subjected to 
a left thoracotomy with aseptic technique 
under pentobarbital sodium anesthesia and 
with assisted respirations from a positive- 
negative respirator. After preliminary dis- 
section of the base of the aorta from the 
pulmonary artery, a flow probe was placed 
around the ascending aorta proximal to the 
arch vessels, and the ascending aortic blood 
flow was continuously monitored. The flow 
values obtained thereby represented total 
left ventricular output minus coronary blood 
flow. For brevity, this value has been called 
cardiac output although it did not include 
the small increment of coronary blood flow. 
Arterial pressure and pulse rate were moni- 
tored with a pressure transducer through a 
cutdown in the common carotid artery. In 
some of the animals, limb leads were at- 
tached for continuous electrocardiographic 
recording. Four to 20 units of pitressin, 
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0.5 uait per kilogram of body weight, were 
dilut:d to a 50 cubic centimeter volume 
with normal saline and slowly infused into 
the external jugular vein at a constant rate 
duri: s a 15 to 20 minute period. Studies 
were repeatedly performed in all animals 
for 2 least 60 minutes after infusion had 
been terminated or until all flows had re- 
turnc | to normal. At the termination of 
each experiment, the flow probe was re- 
move :l, the thoracotomy incision was closed, 
and \\1e dogs were allowed to recover. 

In 2 to 4 weeks, after recovery from the 
thoracic procedure, 9 of these dogs were re- 
anest|ietized and the peritoneal cavity was 
entered through a midline incision. The 
portal vein, hepatic artery, and the superior 
mesenteric artery were dissected free for a 
distance of 2 centimeters to allow accurate 
placement of suitably sized flow probes. 
Repeated flow determinations were per- 
formed on each of these vessels before, dur- 
ing, and after an infusion of pitressin at the 
same rate and concentration given during 
the previous procedure. 

Group 2. In 4 dogs, the cardiac output was 
determined simultaneously with intestinal 
and hepatic blood flow measurements. Af- 
ter preliminary placement of a flow probe on 
the ascending aorta, the chest incision was 
closed and the peritoneal cavity was im- 
mediately entered for placement of probes 
as in the previous experimental group. After 
a 30 minute recovery from the manipulation 
of the viscera, simultaneous measurements 
of cardiac output, portal vein, hepatic ar- 
tery, and superior mesenteric flow were ob- 
tained for controls and were repeated dur- 
ing and for 1 hour after a 15 minute intra- 
venous infusion of 10 units of pitressin. 
Pulse, arterial blood pressure, and electro- 
cardiographic tracings were also continu- 
ously monitored. 

Group 3. The effect of a 15 minute infusion 
of 15 units of pitressin on coronary blood 
flow was measured simultaneously with 
cardiac output in 3 dogs weighing 40 kilo- 
grams. The left side of the chest was entered 
through a left fourth intercostal incision 
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Fic. 1. Effect of infusion of 10 units of pitressin on car- 
diac output, mean arterial blood pressure, and pulse in a 
20 kilogram dog. 


and a short length of the circumflex branch 
of the left coronary artery was dissected free 
for the placement of a small, coronary flow 
probe. Cardiac output and _ circumflex 
coronary flow measurements were obtained 
before, during, and after the infusion. 


RESULTS 


Group 1. The alterations in cardiac out- 
put, blood pressure, and pulse rate which 
resulted from a 15 minute infusion of 10 
units of pitressin in a single experiment 
are shown in Figure 1. Despite a 40 milli- 
meter of mercury rise in arterial blood pres- 
sure in this dog cardiac output fell to a low 
of 58 per cent of control within 15 minutes 
after the termination of the pitressin in- 
fusion. Brachycardia and ventricular extra- 
systoles were noted in almost all of the ani- 
mals given pitressin and occurred promptly 
after the infusion was begun, in some in- 
stances after only a few units had been given. 
Figure 2 reveals the development of first 
degree heart block and brachycardia in 
a dog during pitressin infusion. In other 
instances, a second degree heart block of 
2:1 or 3:1 was noted simultaneously with a 
precipitous fall in cardiac output. In Figure 
3, the maximum alterations in cardiac out- 
put are shown for all 18 animals studied in 
this group. A significant reduction in car- 
diac output occurred in all except 1 dog, 
experiment 3, in which an unexplained rise 
in cardiac output was noted. The average 
alteration in cardiac output from all ex- 
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Fic. 2. Effect of a pitressin infusion on the electro- 
cardiogram of an anesthetized dog. a, Preinfusion. b, 
After a 10 minute infusion of 4 units of pitressin, brachy- 
cardia occurred resulting from prolongation of the P-R 
interval to .31 second, first degree A-V block. c, Further 
administration of pitressin, 10 units for 30 minutes, 
produced complete inversion of the T waves. These 
changes persisted for 45 minutes followed by a slow re- 
turn of the P-R interval and the T waves to the normal 
preinfusion state. 


periments was a reduction to 58 per cent of 
the preinfusion values. 

The alterations in intestinal and hepatic 
blood flow from a typical experiment are 
shown in Figure 4. A marked reduction in 
intestinal and hepatic blood flow occurred 
within 5 minutes after a 15 minute infusion 
of 10 units of pitressin followed by a gradual 
return to normal flows in approximately 
45 to 60 minutes. Figure 5 depicts the 
maximum reduction from control values of 
portal vein and hepatic artery flows after 
pitressin injection in the 9 dogs studied at an 
interval following previous cardiac output 
determinations. In each instance, a sig- 
nificant reduction in total hepatic inflow oc- 
curred, usually during or within the first 10 
minutes of the infusion. Portal vein flow in 
almost. every experiment showed a greater 
reduction than did the hepatic artery flow. 
Total hepatic blood flow fell to an average 


value of 51 per cent of control in this group 
of dogs after pitressin infusion. 

Group 2. The simultaneous measurements 
of cardiac output and superior mesenteric 
artery, hepatic artery, and portal vein flows 
from the 4 dogs in group 2 are show: in 
Figure 6. For purposes of correlation of t\ow 
changes, the magnitude of flow reduction 
from the control value is shown from each 
vessel at the 10 minute period after pitressin 
infusion. In all 4 experiments, a significant 
flow reduction was evident, the greatesi al- 
teration occurring in the portal vein flow 

Group 3. The effect of pitressin on coronary 
blood flow is shown in Figure 7. Again, de- 
spite an initial rise in systemic arterial 
pressure, coronary blood flow fell precip- 
itously, paralleling the reduction in cardiac 
output. Coronary flow, however, remained 
significantly depressed in this dog even 
after cardiac output had returned to nor- 
mal within 50 minutes of the infusion. 
Similar results were noted in the remaining 
2 dogs in this group. 


DISCUSSION 


These experiments confirm the observa- 
tions of others that the intravenous infusion 
of pitressin produces a marked depression of 
portal and total hepatic blood flow during 
and for a period lasting up to 1 hour after 
the termination of the infusion. Intestinal 
blood flow, as measured through the supe- 
rior mesenteric artery, was similarly de- 
pressed which was an indication of a de- 
crease in blood flow through the intestinal 
capillary bed. The greatest change occurred 
in the portal vein which is not surprising 
in view of the fact that portal blood flow is 
very responsive to minimal or moderate 
changes in splanchnic resistance. Paren- 
thetically, we have also noted in previous 
experiments that the measurement of portal 
blood flow is a better parameter of portal 
hemodynamics than is portal pressure be- 
cause flow can be markedly altered without 
significant changes in portal pressure. 

Despite the fact that hepatic arterial 
flow was not altered to the same extent as 
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portal vein flow, a significant reduction in 
arterial inflow to the liver was noted in all 
experiments. This latter observation is in 
variance with that reported by Heimberger 
and his associates who, using direct cannu- 
lation techniques, concluded that inasmuch 
as the depression of total hepatic circulation 
was less pronounced and less well main- 
tained than that of portal blood flow, this 
signified an increasing flow of blood into 
the liver from the hepatic artery during the 
infusion of pitressin. Perhaps of even greater 
significance has been the demonstration by 
Davis and his colleagues in cirrhotic patients 
of a sharply reduced hepatic venous oxygen 
tension and pH and an increased hepatic 
arteriovenous oxygen difference produced 
by pitressin. These latter data indicate a 
greater extraction of oxygen from the blood 
by the liver, further suggesting a sharp de- 
crease in hepatic blood flow. 

The marked and prolonged depression of 
cardiac output and coronary blood flow in 
these dogs during and after infusion of 
pitressin is of extreme interest. This phenom- 
enon appears even more surprising since 
the mean arterial blood pressure frequently 
shows an initial rise after pitressin injection, 
an observation which might be erroneously 
interpreted as indicating that cardiac out- 
put was being maintained or even increased. 
In most instances, the maximum depression 
of cardiac output occurred at the beginning 
of infusion when only 1 or 2 units of pitressin 
had been given. Simultaneously with the 
drop in cardiac output and coronary blood 
flow, the occurrence of brachycardia, heart- 
block, and, in some instances, ventricular 
arrhythmias was indicative of a profound 
myocardial depression by pitressin. 

Similar observations of the marked car- 
diovascular effects of pitressin have been 
reported by others. Katz and Lindner ob- 
served that pitressin caused powerful con- 
striction of the coronary vessels. Ruskin 
found that pitressin caused coronary spasm 
and myocardial ischemia with the produc- 
tion of anginal pain in patients. Green and 
his associates observed that pitressin caused 
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Fic. 3. Effect of a pitressin infusion on cardiac output 
is shown from 18 experiments. The entire bar indicates 
control preinfusion cardiac output values while the 
shaded portion represents the maximum recorded chang- 
es following a 15 to 20 minute infusion of 0.5 unit of 
pitressin per kilogram. 


intense constriction of the coronary vessels 
and a reduction in coronary flow which re- 
sulted in depression of myocardial contracti- 
bility in anesthetized dogs. Essex and his 
group, using a thermostromuhr, found that 
despite an increase in systemic arterial pres- 
sure, a 64 to 82 per cent decrease in coronary 
blood flow occurred lasting for as long as 45 
minutes after the intravenous injection of 
from 0.5 to 2 pressor units of pitressin into 
anesthetized as well as unanesthetized dogs. 

After injection of 0.1 to 1 unit of pitressin 
per kilogram of body weight in dogs either 
as a single dose or by infusion for a 30 min- 
ute period, Wakim was able to demonstrate 
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Fic. 4. Continuous measurement of portal vein, hepatic 
artery, and superior mesenteric artery blood flows dur- 
ing and after a pitressin infusion is shown from a single 
experiment. 
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Fic. 5. Effect of a pitressin infusion on hepatic blood 
flow is shown from 9 experiments. Control preinfusion 
flow values are represented on the left and postinfusion 
values on the right. Total hepatic blood flow is obtained 
by summation of portal vein and hepatic artery flows. 


by the Fick principle a significant reduction 
of 24 to 71 per cent from the control values 
in cardiac output, including a reduction in 
cardiac rate, oxygen consumption, and 


venous oxygen content. In addition, despite 
transient increases in peripheral blood pres- 
sure, pitressin produced a reduction in fem- 
oral arterial blood flow which paralleled the 
changes in cardiac output. Geiling and as- 
sociates similarly found a striking decrease 
in the blood flow in the femoral and also in 
the carotid arteries of the trained dog. 
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Fic. 7. Effect of pitressin on coronary blood flow is 
shown from a single experiment, recorded simultaneously 
with cardiac output and mean arterial pressure. 
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Fic. 6. Simultaneous measurements of cardiac output 
and superior mesenteric artery, hepatic artery, and 
portal vein flows are shown from 4 separate experi- 
ments 10 minutes after the termination of a pitressin 
infusion. 


Such additional evidence, therefore, raises 
the question of whether the reduction in 
portal blood flow, pressure, and oxygen con- 
tent noted after infusions of pitressin may 
not actually reflect the generalized systemic 
and cardiac effects resulting from extreme 
vasoconstriction through the body. The 
simultaneous reduction of cardiac output, 
coronary, mesenteric artery, and hepatic 
and portal blood flow in our experiments 
produced by pitressin lends strong support 
to this hypothesis. Indeed, Eiseman and his 
group found that neither total gastrectomy 
nor removal of the large and small intestine 
alone abolishes the portal hypotensive ac- 
tion of pitressin. They concluded that the 
action of pitressin must, therefore, occur 
within both the stomach and the intestine 
by closure of submucosal gastroenteric ar- 
teriovenous shunts. Their observations, how- 
ever, can also be interpreted to give strong 
support to the concept. that diminished 
portal pressure reflects a reduction in portal 
and splanchnic flow paralleling the depres- 
sion in cardiac output. Further clinical sup- 
port of the importance of cardiac output 
changes has been offered by Baber and his 
co-workers who demonstrated in a series of 
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patients with hepatic cirrhosis a definite cor- 
relation between a reduction in cardiac out- 
put and alterations of wedged hepatic vein 
pressures produced by a pitressin infusion. 
Finally, Slotnick and his associate have 
pointed out that in elderly patients pitressin 
is capable of producing serious and even 
fatal cardiac accidents which result from 
prolonged decreased coronary blood flow 
and myocardial depression. Certainly, such 
evidence should instill an element of caution 
in the use of pitressin which may produce a 
further depression of coronary blood flow 
and cardiac output in patients manifesting 
oligemia from bleeding esophageal varices. 
In addition, the reduction of hepatic blood 
flow by pitressin may produce sufficient 
hepatic ischemia to impair further the me- 
tabolism of the liver in such patients. 


SUMMARY 


1. The effect of slow intravenous infusion 
of pitressin on cardiac output, hepatic 
blood flow, and mesenteric blood flow was 
studied in anesthetized dogs. 

2. Pitressin produced a marked depression 
of portal vein and hepatic arterial blood 
flow during the infusion and for as long as 
1 hour after its termination, and an average 
depression of total hepatic blood flow to 
51 per cent of control values resulted. In- 
testinal blood flow, measured through the 
superior mesenteric artery, was similarly de- 
pressed. 

3. Despite a transient increase in systemic 
arterial blood pressure, a marked reduction 
in cardiac output to an average of 58 per 
cent of the control values was noted, lasting 
from 45 to 60 minutes after pitressin injec- 
tion. 

4. Coronary blood flow dropped precip- 
itously after small injections of pitressin co- 
inciding with the appearance of brachy- 
cardia and cardiac arrhythmias including 
heart block. 


5. These experiments lend strong support 
to the hypothesis that pitressin produces a 
generalized vasoconstrictive effect through- 
out the body resulting in parallel reduc- 
tions in cardiac output, coronary blood flow, 
and hepatic and intestinal blood flow. 

6. When pitressin was injected into nor- 
mal, anesthetized dogs it did not appear to 
produce a selective or preferential redistri- 
bution of blood flow away from the splanch- 
nic system. 
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A STUDY OF THE CAUSES AND ‘TREATMENT 
OF EXTERNAL POSTOPERATIVE INTESTINAL FISTULAS 


JOHN P. WEST, M.D., EDWARD M. RING, M.D., ROBERT E. MILLER, M.D., 
and WILLIAM P. BURKS, M.D., New York, New York 


AN EXTERNAL INTESTINAL FISTULA is a serious 
postoperative complication which at best 
prolongs recovery and may lead to the pa- 
tient’s death. Knowledge of the common 
causes of intestinal fistulas and the relative 
value of various forms of treatment is there- 
fore a matter of considerable importance. 

The true incidence of postoperative 
fistulas is unknown, but reports from the 
Mayo Clinic in 1932 (18), the Lahey 
Clinic in 1950 (15), and Massachusetts 
General Hospital in 1960 (10) indicate that 
there has been a relative increase in post- 
operative fistulas as compared with fistulas 
secondary to intra-abdominal inflammation, 
such as appendicitis or diverticulitis. 

This report is based on a study of the 
records of all patients with external intestinal 
fistulas, which followed abdominal oper- 
ations, who were treated in St. Luke’s 
Hospital over a 12 year period, from 1949 
through 1960. Pure biliary, pancreatic, and 
urinary fistulas have not been included. 
Intestinal fistulas secondary to inflamma- 
tion, such as appendicitis and diverticulitis, 
have also been excluded. 

The types of fistulas, the number treated, 
and the mortality rate for each group are 
shown in Table I. In general, fistulas high 
in the intestinal tract tend to cause pro- 
found disturbances in fluid and electrolyte 
balance. As a result, the lethal potential is 
greater than with fistulas of the distal small 
bowel or colon. 


DUODENAL FISTULAS 


The number of duodenal fistulas re- 
ported in the literature is relatively small. 


From the Surgica! Service, St. Luke’s Hospital, New York. 


In 1923, Colp was able to collect only 61 
cases. This caused him to quote Palmer as 
follows: ‘Duodenal fistulas are neither the 
rare nor the simple, benign affairs that the 
silence of the professional pen might lead 
one to conclude.” This state of affairs had 
apparently changed little by 1937; Bartlett 
and Lowell, in a review of the literature 
from 1901 through 1937, were able to col- 
lect only 116 cases. They added 12 to make 
a total of 128 cases of postoperative duo- 
denal fistula with an over-all mortality rate 
of 38 per cent. 

Edmunds, Williams, and Welch reviewed 
the reports for the years 1937 to 1959 and 
collected another 118 cases, with a similar 
over-all mortality rate of 35 per cent. ‘There 
was, however, a striking contrast in the two 
reports. In the first group, from 1901 to 
1937, the mortality in stump fistula was 14 
per cent while that in lateral fistulas was 47 
per cent. In the second group, from 1937 to 
1959, the figures were reversed, with a 46 
per cent mortality in stump fistulas and 
only 21 per cent mortality in the lateral 
fistulas. These statistics, plus the figures 
from the Massachusetts General Hospital 
and our own experience with 19 duodenal 
fistulas, are shown in Table II. Fourteen of 
the fistulas in the patients treated at our 
hospital were complications of gastric resec- 
tions, an incidence of approximately 1.5 
per cent. 

Etiology. The end or stump fistulas are 
the result of failure to maintain closure of 
the divided duodenum after a Billroth II 
type of gastric resection. In most cases this 
failure is due to a diseased duodenum or 
errors in technique; therefore, the patient 
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with a bleeding or penetrating duodenal 
ulcer is more likely to have stump complica- 
tions. We were surprised, however, to find 
that in 3 of our 13 patients the duodenums 
were normal, and there was no record of 
difficulty in closure. ‘Two of these patients 
had carcinoma of the stomach; the third 
had a bleeding gastric ulcer. 

In our experience, lateral fistulas are less 
common than stump fistulas (Fig. 1) but 
carry a higher mortality. They may develop 
after accidental injury during biliary tract 
or other surgery but are probably most 
common after duodenotomy for the removal 
of acommon duct stone or sphincterotomy. 
Of the 6 lateral fistulas, 2 developed as the 
result of failure of healing of a duodenotomy 
incision. In another 2, the defect was 
posterior and resulted from unrecognized 
injury when an impacted stone was re- 
moved through the ampulla of Vater. A 
fifth fistula was thought to follow pressure 
necrosis from a T tube in the common bile 
duct. The sixth fistula followed a gastric re- 
section with excision of a duodenal ulcer. In 
the dissection, the duodenum was injured 
near its point of juncture with the common 
bile duct. The injury was not suspected 
until there was postoperative drainage of 
bile and duodenal contents. 

Treatment. The results of conservative and 
operative treatment are shown in Table ITI. 
The mortality in 16 patients treated con- 
servatively was 18 per cent, whereas all 3 
patients who had an early attempt at 
closure of the fistula died. Our experience 
supports the recommendation of Albright 
and Leonard that direct operative attack on 
a duodenal fistula should be employed only 
after vigorous supportive measures have 
failed. It also confirms the observation of 
Brown, Speir, and Trenton that there is a 
high incidence of spontaneous closure of 
fistulas with proper conservative treatment. 

The first step, therefore, is adequate 
drainage of the intra-abdominal collection 
of fluid. Next in importance is sump 
drainage of the wound if the fistula is large. 
Often this is all that is necessary, but in 


TABLE I.—ANATOMIC LOCATION OF FISTULAS AND 
MORTALITY 


——Morilality___ 
Location No. No. Per cent 


Duodenal . 6 31 
Stump 
Lateral 6 

Gastrojejunal. . . 


Small intestinal. . 
Jejunal 13 
Ileal 10 


Multiple 

(Large and sma 
Colonic ‘ 
Mek cichs ca 


*Deaths not due to fistula. 


TABLE II.—INCIDENCE AND MORTALITY OF DUO- 
DENAL FISTULAS 

Mortality, 

Series Type per cent 


Bartlett and Lowell (2). . 
(1901-1937) 


No. patients 


Stump 14 14 
Lateral 114 47 
128 38 

Edmunds, Williams, and 
Welch (10) . Stump 70 46 
(1937-1959) Lateral 48 21 

, ies 118 35 


Massachusetts General 
Hospital (10) 


Stump 28 50 
(1946-1959) 


Lateral 9 67 
) a 54 
Stump 13 15 
Lateral 6 66 
19 31 


St. Luke’s Hospital 
(1949-1960) 


TABLE III.—EARLY TREATMENT OF DUODENAL 
FISTULA 


Conservative 
——lreatment___ 
Type No. Per cent 


eee : 
Deaths. . , ah 


ee . 4* 
Deaths. . ‘ 2 
16 

3 


*One required late operative closure at 4 months. 
tOne operated upon because of hemorrhage. 


Operative 
closure____ 
Per cent 


other cases in which there is continuing 
profuse drainage, a jejunostomy should be 
established and the intestinal drainage, col- 
lected by the sump drain, returned to the 
patient. In all cases, meticulous control of 
fluid and electrolyte balance is necessary, 
often for a period of several weeks. 

With this type of conservative regimen, 








Fic. 1. Location of duodenal and_gastrojejunal 
fistulas. 


12 of 16 fistulas healed in periods that 
varied from 6 days to 3 months. In 1 case, 
the fistula had not healed in 4 months and 
at this time operative closure was successful. 
Three patients did not survive. One, an 80 
year old man with a lateral fistula, died 5 
weeks after duodenotomy. This death was 
probably the result of delay in establishing 
a jejunostomy which would allow refeeding 
of the duodenal drainage. ‘The second death 
was also caused by failure to maintain 
nutrition and probably could have been 
prevented if a jejunostomy had been used to 
replace lost fluids and electrolytes. The 
third death followed technical errors in 
managing a duodenal stump that was dif- 
ficult to suture. It was closed about a cath- 
eter which, in turn, did not function prop- 
erly. As a result there was profuse external 
drainage about the tube as well as leakage 
into the peritoneal cavity. The patient died 
on his eighteenth postoperative day because 
of peritonitis and fluid imbalance. 

The 3 patients subjected to an early at- 
tempt at operative closure died. In 1 pa- 
tient, hemorrhage from an eroded vessel 
made operation imperative. The course of 
the other 2 patients was similar in that an 
early attempt to close a leak from the duo- 
denum failed, resulting in development of 
additional fistulas of the colon and biliary 
tract. 

Comment. ‘The reported results of Drag- 
stedt, Farris and Smith, and Harvey on 
vagotomy plus pyloroplasty, gastroenteros- 
tomy, or pyloric exclusion are such that a 
surgeon should rarely, if ever, attempt to 
excise an ulcer or divide the duodenum 
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distal to an ulcer if such a step is likely to 
lead to difficulties in closing the duodenal 
stump. 


GASTROJEJUNAL FISTULAS 


The diagnosis of gastrojejunal fistula was 
made only 3 times in the 12 years covered 
by this report. Two of the patients died. 

In 1 patient the fistula developed after a 
high gastric resection which removed a 
benign ulcer of the lesser curvature. The 
defect in the anastomosis was repaired 8 
days after the resection. The fistula promptly 
re-formed and the patient died 7 weeks 
later because of the inability to improve his 
poor nutritional state. 

The second patient had a radical gastric 
resection, including removal of part of the 
transverse colon, tail of the pancreas, and 
the spleen. A severe wound infection de- 
veloped and was followed by a fistula be- 
tween the gastrojejunal anastomosis and 
the skin. Death 5 weeks after operation was 
due to infection plus fluid and electrolyte 
imbalance. 

In the third patient a wound infection 
and an anastomotic fistula promptly de- 
veloped after a Billroth II type of resection. 
With drainage of the wound there was 
prompt improvement and the fistula healed 
in 2 weeks. 

Ischemia of tissues at anastomic site and 
infection were the causes of these fistulas. 


FISTULAS OF THE SMALL INTESTINE 


There were 23 fistulas of the small intes- 
tine in this series, and although the exact 
location of each fistula was at times in 
doubt, they were classified as follows: 
iejunal, 13; ileal, 10 (Fig. 2). 

Etiology. Nine fistulas followed accidental 
operative injury. In 3 of the 9 cases the 
damage was inflicted as the surgeon divided 
adhesions causing intestinal obstruction. 
The other 6 operative accidents occurred 
during a variety of procedures. 

In 5 cases the fistulas were from injury 
to a loop of bowel which had prolapsed 
into a disrupted abdominal wall wound. 
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In 7 cases the fistula developed because 
of leakage from an anastomosis. Three of 
the 7 developed after resection of the head 
of the pancreas; although the exact sites of 
fistulas were not determined, the drainage 
was predominantly jejunal. 

Wire mesh, used to repair a hernia, per- 
forated the bowel in 1 case. In the final pa- 
tient a fistula developed because of obstruc- 
tion and perforation of the proximal jeju- 
num after an antecolic gastrojejunal anasto- 
mosis. 

Treatment. In 14 patients, the method of 
treatment was drainage only. It should be 
emphasized that the first step in treatment 
of each patient was to establish free external 
drainage. After infection had subsided, 
operative repair was undertaken if the 
fistula showed no tendency to close. Ten 
fistulas healed without specific treatment. 
Healing time varied from 10 days to 8 
months. Four patients died, a mortality of 
17 per cent. One patient, only 4 days old, 
had an extensive resection because of 
gangrene of the small intestine. The anasto- 
mosis leaked and the resulting fluid and 
electrolyte loss was more than the infant 
could tolerate. The second death occurred 
in a 40 year old man with gangrene caused 
by embolic obstruction of the superior 
mesenteric artery. Again, the failure of the 
anastomosis to heal was the primary cause 
of death. The third death followed injury to 
the ileum during a difficult hysterectomy. 
Delay in adequate drainage of the resulting 
abscess and fistula resulted in a fatal infec- 
tion. The fourth death followed resection of 
the head of the pancreas and was due to 
infection plus excessive fluid and electrolyte 
loss. 

The 5 patients treated by excision of the 
fistula and closure of the defect in the bowel 
wall were cured; the 4 patients subjected to 
resection of the involved bowel were also 
cured. It is our impression that excision and 
closure of the fistula was usually the simpler 
procedure, but in some cases a large defect 
or damaged bowel made resection the 
safer procedure. 
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Trans. Colon 3 


13 Jejunum 


7 


13 Sigmoid 
Rectosigmoid 2 


Fic. 2. Site of small intestinal and colonic fistulas. 


Comment. Most, but not all, of the fistulas 
in this group were caused by operative ac- 
cidents or complications which should be 
preventable. 

Our experience supports the recom- 
mendation of Case that a drain should be 
used when there is any question as to the 
integrity of an anastomosis. Such a step 
allows prompt external drainage in case of 
leakage and decreases the incidence of 
serious peritonitis. 

Relatively early closure of fistulas of the 
small bowel is often possible but operation 
should be deferred until the inflammatory 
reaction about the fistula is minimal. 


MULTIPLE FISTULAS 


There is no more difficult problem in 
surgery than the management of a patient 
with multiple intestinal fistulas. Four such 
cases were seen in the period covered by 
this report and only 1 patient survived. 

Etiology. In 2 cases, multiple injuries to the 
large and small bowel occurred during 
difficult pelvic operations: one a hysterec- 
tomy, the other a pelvic exenteration. In a 
third patient, with recognized Hodgkin’s 
disease, a gastric resection was followed by 
a severe infection which resulted in fistulas 
of the colon and small intestine. In the 
fourth patient and the only one to survive, 
fistulas developed after resection of a long 
segment of gangrenous ileum and right por- 
tion of the colon. 
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Treatment. Free external drainage was 
established in all cases and heroic efforts 
were made to replace the large fluid and 
electrolyte losses. One patient died 5 weeks 
after operation, a second patient survived 
only 6 weeks. In both of these, uncontrol- 
lable infection appeared to be an important 
factor in the fatal outcome. 

The third patient showed considerable 
improvement in the 4 weeks after drainage 
of the abdomen. An attempt was then made 
to close the fistulas. They promptly recurred 
and a second unsuccessful attempt at closure 
was made. This patient died 2 months after 
her first operation, a hysterectomy. 

The fourth patient’s fistulas developed 
soon after resection of gangrenous small 
bowel and right half of the colon, secondary 
to mesenteric occlusion. A sump drain con- 
trolled the discharge from the wound; 
nutrition and fluid balance were main- 
tained by oral and intravenous feedings. 
Recovery was slow and tedious, but the 
fistulas closed and the patient was dis- 
charged from the hospital 8 weeks postoper- 
atively. 

Comment. Our limited experience indi- 
cates that the occasional patient with 
multiple fistulas may recover with intensive 
supportive therapy. Chronic and _ well 
established fistulas are probably best treated 
by an exclusion operation, as recommended 
by Harbison and by Keyes. 


COLONIC FISTULAS 


Although the mortality from postoper- 
ative colonic fistulas is low when compared 
to fistulas of the small intestine, according 
to Case and to Dixon and Mayo and their 
associates, the complication is a distressing 
one which may require prolonged treat- 
ment and in some cases a second operation. 

Etiology. In this review we have excluded 
all fistulas secondary to infection such as ap- 
pendicitis, ulcerative colitis, and diverticu- 
litis. The 18 cases reported were complica- 
tions of an operative procedure. In 10 pa- 
tients a resection was performed because of 
carcinoma of the colon; 5 patients required 


resection because of diverticulitis, and in 1 
of these a fistula developed in the proximal 
colostomy, after closure. In another 3 cases 
the bowel was accidentally injured. In 1 of 
these 3 cases the blood supply to a segment 
of the transverse colon was interrupted 
during a gastrectomy. In the second case, 
a gastrectomy wound disruption caused 
necrosis of the colonic wall with subsequent 
formation of a fistula. In the third case, the 
bowel was injured in dividing an obstruct- 
ing adhesive band. 

Various combinations of antibacterial 
agents were employed in preparing the 
bowel in the 15 patients subjected to resec- 
tion. In most, if not all cases, the prepara- 
tion was not so thorough as that recom- 
mended by Dearing or Cohn and Rives. 
All anastomoses were of the open type. 
We were unable accurately to evaluate 
other factors such as blood supply to the 
bowel or possible errors in the technique of 
anastomosis, but it is our impression that 
the major cause of difficulty in each case 
was infection. 

Treatment. Various procedures were used 
to close the fistulas. Open drainage of the 
wound sufficed in 7 cases, with healing 
time varying from 10 days to 50 days. Two 
patients died with open fistulas, but in each 
case death was due to persistence of the 
carcinoma. 

Excision of the fistula and suture of the 
opening in the bowel was successful in 3 of 4 
patients whose defects were in the trans- 
verse colon but failed in a patient with a 
sigmoid fistula. 

Resection or suture, after establishment 
of a proximal colostomy, was successful in 2 
patients, although a second operation was 
needed in both—resection for one, simple 
suture for the other. 

Resection, without a proximal colostomy, 
was successful in 2 patients. One patient 
was cured by each of the following pro- 
cedures: colostomy, exclusion operation, 
and abdominoperineal resection. There 
were no operative deaths. 

Comment. Although fistulas of the large 
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bowel rarely cause death, infection second- 
ary to a defective anastomosis may cause 
fatal peritonitis before an external fistula is 
established. 

Proper preparation of the colon and 
careful surgical technique should decrease 
the incidence of anastomotic failures. When 
there is doubt about an anastomosis, the 
wound should be drained. It is unlikely that 
a drain placed near a suture line will have 
an adverse effect on healing; should a leak 
develop, the drain will aid in the formation 
of an external fistula. 

This experience suggests that most estab- 
lished fistulas, particularly those in the 
proximal portion of the colon, may be 
closed by excision and suture of the defect 
in the bowel. With a fistula in the distal 
part of the colon, a proximal colostomy— 
while not always necessary—increases the 
chances for the successful closure of a 
fistula. When the anastomotic lumen is 
large, simple suture of the opening should 
suffice. Resection is indicated in other cases. 


SUMMARY AND CONCLUSIONS 


1. Most postoperative intestinal fistulas 
are caused by operative accidents or errors 
in judgment. 

2. Duodenal stump fistulas usually de- 
velop because of difficulty in closing the 
divided duodenum. In cases of ulceration, 
in which duodenal closure is likely to be in- 
secure, use of vagotomy plus pyloroplasty, 
gastroenterostomy, or pyloric exclusion is 
safer. 

3. Early operative closure of a duodenal 
fistula is rarely successful and, in our 
experience, led to the formation of addi- 
tional fistulas. Conservative measures, con- 
sisting of adequate drainage and main- 
tenance of fluid and electrolyte balance, 
were successful in 12 of 16 patients. In those 
cases in which the duodenal drainage is 
profuse, a jejunostomy should be established 
and the collected fluid returned to the pa- 
tient. The mortality rate in this series of 19 
patients comprising both stump and lateral 
fistulas was 31 per cent. 


4. The 3 chief causes of fistulas of the 
small intestine were operative injury, leak- 
age from an anastomosis, and abdominal 
wall wound disruption. 

5. As in the treatment of duodenal fistula, 
the first step is to ensure free external 
drainage. If drainage does not lessen as the 
inflammatory process subsides, relatively 
early operation to close or bypass the 
fistula is indicated. The mortality rate in 
this group of 23 patients was 17 per cent. 

6. Only 1 of 4 patients with multiple 
fistulas of large and small bowel survived. 
In the early stages, operative procedures 
other than drainage are usually contra- 
indicated by the infection present. 

7. Fifteen of 18 colonic fistulas developed 
because of an anastomotic leak. The most 
important factor in causing failure of the 
suture line appeared to be infection. 

8. There were no deaths from colonic 
fistula but 2 patients died because of per- 
sistent carcinoma. 

9. Five of the 18 colonic fistulas healed 


without specific treatment; 10 required 
operative closure. Two patients had open 
fistulas when they died, and the final patient 
was lost to our follow-up department. 
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THE HAZARDS AND CONTRAINDICATIONS TO 


THE INDUCTION OF LABOR 


HARRY FIELDS, M.D., F.A.C.S., Philadelphia, Pennsylvania 


THE METHODS OF INDUCTION most commonly 
used today are amniotomy, oxytocin intra- 
venously in dilute solution or intramuscu- 
larly in small doses, or a combination of 
both. The technique which has gained a 
great following in the United States in the 
past 10 years is the continuous administra- 
tion of oxytocin, as pitocin or syntocinon, 
intravenously in dilute solution followed by 
amniotomy after the cervix has dilated suf- 
ficiently to make the membranes readily 
accessible. 


METHODS AND MATERIAL 


A study of induction of labor with intra- 
venous oxytocin and amniotomy has been 
in progress at the Hospital of the University 
of Pennsylvania since January 1950. This 
study was initiated as an investigative proj- 
ect. From the onset, accurate records of all 
patients receiving this treatment were kept 
and the data coded on IBM cards for 
analysis. 

Elective induction has been performed in 
3,645 instances, 14.4 per cent of the 25,327 
deliveries, from January 1950 through De- 
cember 1959. During the same period, 494 
pregnancies were terminated by induction 
for obstetric or medical indications. This 
number represented 1.9 per cent of all 
deliveries. 

The indications for these terminations 
were premature rupture of the membranes 
in 189; toxemia and/or hypertension in 
142; Rh sensitization in 51; diabetes in 20; 
postmaturity in 16; placenta previa in 16; 
possible cephalopelvic disproportion in 15; 
antenatal death in 13; and miscellaneous 
causes in 32. Although premature rupture of 
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the membranes may be considered an indi- 
cation for stimulation of labor rather than 
actual induction, it is included here because 
painful uterine contractions were absent 
when administration of the oxytocin was 
started. Comparison of the two groups of 
elective and indicated inductions has been 
published (3). 


RESULTS 


Elective induction. Analysis of the results of 
elective induction revealed this technique to 
be safe and successful. However, certain 
hazards and complications were encounter- 
ed. These included previously reported (2) 
uterine spasm, fetal distress, postpartum 
hemorrhage, prolapsed cord, premature sep- 
aration of the placenta, and delivery of in- 
fants weighing less than 2,500 grams. Many 
of these complications are preventable by 
better selection of candidates, thorough 
knowledge and observance of the technique, 
and constant, experienced care during in- 
duction. However, a few complications will 
continue to be hazards of this technique of 
induction even when these precautions are 
taken. Prompt diagnosis with adequate fa- 
cilities and personnel for treatment are of 
paramount importance in preventing these 
complications from producing catastrophic 
results. 

Seven fetal deaths occurred during this 
study. All were reviewed at the hospital 
obstetric and pediatric staff conference and 
6 were considered not related to the induc- 
tion. The remaining infant weighed 2,350 
grams at birth and fatal hyaline membrane 
disease later developed. The small size of the 
infant, less than 2,500 grams, may have con- 
tributed to the development of the lung 
complication. The mother was considered 
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TABLE I.—COMPLICATIONS 


Induction is 

—Elective__ Indicated 

No. Percent No. Per cent 
Uterine spasm 3.0 13 2.5 
Fetal distress 2.4 25 5.0 
Postpartum hemorrhage 1.4 26 5.2 
Prolapsed cord 0.2 0 0.0 
Premature separation of placenta 1.0 6 1.2 
Uterine rupture 0 3 6 
Fetal mortality 0.03 5 1.0 





a poor choice for elective induction on the 
basis of the infant’s weight. 

Indicated induction. Study of the indicated 
inductions revealed that, in general, more 
difficulty was encountered than in the elec- 
tive group (Table I). The fetal mortality 
consisted of 5 intrapartum and 7 neonatal 
deaths; only the 5 intrapartum deaths were 
considered by the staff to be related to the 
induction of labor and preventable. In 2 
of these, fetal distress existed before oxytocin 
was given; the third and fourth patients had 
moderately severe abruptions prior to re- 
ceiving oxytocin. In the fifth instance, 
spasm resulting in uterine rupture caused 
fetal death. 

The uterine rupture points up a very im- 
portant danger that attends oxytocin for the 
induction of labor. This complication was 
the direct result of an error in technique. 
The patient was being inducted for hyper- 
tensive vascular disease and was unattended 
for 30 minutes during administration of oxy- 
tocin. The result was uterine spasm and 
rupture. The mother recovered after hyster- 
ectomy, and since then no patient has been 
left unattended while receiving intravenous 
oxytocin during labor. 

The termination of late pregnancy for 
obstetric or medical indications was the sub- 
ject of a recent report (4). The methods of 
termination, induction of labor, and cesar- 
ean section were compared. The results in 
terms of fetal mortality are presented in 
Table II. According to this tabulation, 
local obstetric indications, such as placenta 
previa, abruptio placentae, and fetal dis- 
tress, are best treated by cesarean section. 
Induction of labor for these indications in- 
creases the risk to the infant. On the other 


hand, the systemic indications for termina- 
tion of late pregnancy such as toxemia, Rh 
sensitization, and postmaturity, seem to be 
met by induction with negligible perinatal 
risk. 


DISCUSSION 


Hazards. This experience with induction 
of labor, both elective and indicated, has 
resulted in certain attitudes that should be 
expressed. Every aspect of induction of 
labor—the selection of the candidate, am- 
niotomy, and oxytocin administration—has 
inherent dangers. 

In elective induction, the dangers associ- 
ated with selection of the candidate concern 
the psychologic attitude of the mother, the 
size and maturity of the infant, and the 
ripeness for induction. The wrong choice 
may result in psychologic problems for the 
mother and possible legal complications. 
Proper screening should include explana- 
tion of the technique as well as the ad- 
vantages of elective induction. No patient 
who expresses fear or objections should be 
coerced or persuaded to accept this pro- 
cedure. Prematurity of infants results in 
increased morbidity and mortality. Lack of 
ripeness with resultant prolonged labor may 
lead to unwarranted attempts to expedite 
cervical dilatation which may cause serious 
complications. 

When termination of late pregnancy is 
medically or obstetrically indicated, the 
choice is between induction of labor and 
cesarean section. With induction of labor, 
the wrong choice of a candidate may result 
in more serious sequelae, such as fetal and 
maternal injury or death. Since many of 
these patients are not at term, the unripe 
cervix compounds these dangers. 

Amniotomy carries with it the risk of 
injury to the mother or infant and displace- 
ment of the presenting part with resultant 
malposition, prolapsed cord, prolonged 
latent period, and infection. 

The hazards of oxytocin in labor are re- 
lated directly to the dose for a given in- 
dividual. Overdosage results in uterine 
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spasm with possible separation of the pla- 
centa, tumultuous labor, amniotic fluid 
embolus, afibrinogenemia, lacerations of the 
cervix and birth canal, postpartum hemor- 
rhage, and uterine rupture. Fetal dangers 
include fetal distress as a result of anoxia 
and intracranial hemorrhage and injury as 
a result of violent contractions and trauma. 
These effects may result in fetal death or 
permanent injury. 

Another danger of oxytocin is pituitrin 
shock. This has been reported with the use 
of extracts of pituitrin and pitocin and 
probably represents an anaphylactoid reac- 
tion caused by the pressor substances in 
these compounds. This hazard has not been 
encountered in approximately 5,000 pa- 
tients who have received pitocin in the in- 
duction or stimulation of labor at the Uni- 
versity Hospital during the past 10 years. 
Synthetic oxytocin, syntocinon, precludes 
this danger since it is free of pressor sub- 
stance. 

These hazards and complications may be 
limited and controlled by certain precau- 
tions. (1) Careful selection of candidates for 
elective and indicated induction is manda- 
tory. (2) When amniotomy is performed, 
the possibility of injury to the infant, dis- 
lodgement of the presenting part, and pro- 
lapse of the cord must be foremost in mind. 
An instrument must be used which will not 
injure the infant; the presenting part should 
be fixed in the pelvis; and the fluid must be 
allowed to escape slowly to help prevent 
cord prolapse. With breech presentation, 
amniotomy should be delayed until the 
cervix is well dilated or the presenting part 
is deep in the pelvis. The possibility of in- 
fection is always present, and proper aseptic 
technique must be employed. (3) The 
dangers of using oxytocin depend upon two 
factors, the dose and uterine reaction. Each 
uterus reacts differently to oxytocin and 
constant care is necessary to control this 
potent uterine stimulant. The amount in- 
fused must be adjusted to the uterine re- 
sponse and this adjustment can be accom- 
plished only by an experienced person. 


TABLE II.—PERINATAL MORTALITY IN TERMINA- 
TION OF LATE PREGNANCY 


Induction 
—_— i - 
Indication No. No. 
Obstetric 
Systemic... 206 3 
Local... 24 5 2 


Medical 
Metabolic. 19 0 19 4.2 
Others.... 21 0 5 


Cesarean — 
—_— 
Percent No. No. Per cent 





4 26 5 19.0 
0 125 16 12.8 


1 
1 


Excessive amounts lead to uterine spasm 
with serious sequelae. Prevention of these 
catastrophes is dependent on constant ob- 
servation while the oxytocin is being 
administered. 

Contraindications. Induction of labor is 
theoretically possible in every patient in 
whom vaginal delivery is not contraindi- 
cated. The major contraindications are 
cephalopelvic disproportion and inadequate 
personnel and facilities. However, the speci- 
fic objections are as follows: (1) to elective 
induction, fear or objection of the patient, 
a fetus of less than 2,500 grams, and an 
unripe cervix; (2) to indicated induction, 
the necessity of immediate termination, the 
presence of fetal distress, moderate or severe 
abruptio placenta, and partial or central 
placenta previa. 

Conditions classified as questionable con- 
traindications, since there is a difference of 
opinion concerning these among obstetri- 
cians, are; (1) weakened uterine muscula- 
ture resulting from cesarean section scar, 
previous hysterotomy, or previous myomec- 
tomy; (2) overdistended uterus caused by a 
large fetus, malposition from large breech, 
deflexed attitude, or oblique or transverse 
lie, or multiple pregnancy; (3) grand multi- 
parity of more than 5; and (4) debility. 

In the course of this study, labor has been 
successfully induced on rare occasions in the 
presence of all of these questionable contra- 
indications in an attempt to learn more 
about them. These patients are believed by 
Ryan and by Blade to be suitable candi- 
dates. In these conditions, induction die- 
hards believe that ‘carefully controlled” 
labors will be successful and as safe as a 
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spontaneous labor, with the added advant- 
age of continuous supervision during labor. 
When these inductions are performed by 
experienced obstetricians with ample per- 
sonnel and facilities the risk to the mother 
and infant may be less than in a spontane- 
ous labor. This belief is very controversial at 
present and must be corroborated by many 
more experiences before it can be accepted 
by obstetricians in general. 

At present, induction of labor should be 
practiced only by experienced obstetricians 
in institutions with adequate facilities and 
personnel. Every precaution must be taken 
to avoid the hazards of induction, and all of 
the contraindications must be respected. 
Only with these prerequisites can induction 
of labor achieve its full value as an impor- 
tant adjunct in the complete care of the 
obstetric patient. 


SUMMARY AND CONCLUSIONS 


Analysis of the results obtained from a 
study of induction of labor, using intraven- 
ous oxytocin and amniotomy, in progress at 
the University Hospital since January 1950, 
reveals certain hazards and suggests some 
contraindications. 

In elective induction the hazards include 
uterine spasm, fetal distress, postpartum 
hemorrhage, prolapsed cord, premature 
separation of the placenta, and delivery of 
infants weighing less than 2,500 grams. In 


indicated inductions the hazards are more 
frequent and more severe and in this series 
include a uterine rupture. 

Many of these complications can be pre- 
vented by better selection of candidates, 
thorough knowledge of the technique, and 
constant experienced care during the in- 
duction. 

Contraindications include cephalopelvic 
disproportion and inadequate personnel 
and facilities. Some controversial objections, 
such as previous cesarean section, malposi- 
tion, multiple pregnancy, and grand multi- 
parity, are discussed. 

At present, induction of labor should be 
practiced only by experienced obstetricians 
in institutions with adequate facilities and 
personnel. Every precaution must be taken 
to avoid the hazards of induction, and of 
course all of the contraindications should 
be respected. 
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OMPHALOCELE 


ROBERT T. SOPER, M.D., and EDWARD W. GREEN, M.D., Iowa City, Iowa 


CoNGENITAL and acquired lesions of the 
umbilical area are manifold and are related 
to its important embryologic roles as a con- 
duit for blood and temporary extracoelomic 
reservoir for the midgut. Many of these 
lesions are inconsequential and require only 
conservative care and observation, such as 
granulomas, minor hemorrhages, and most 
umbilical hernias. However, of lesser in- 
cidence but far greater importance are other 
anomalous conditions which demand care- 
ful attention and often extensive surgical 
procedures to correct in order to restore 
function to a level compatible with life if 
not permanently to restore a normal status 
to the area. Omphalocele, one of these lat- 
ter important umbilical anomalies, will be 
discussed in order to clarify the condition 
and perhaps facilitate its management. 
Nineteen patients with omphalocele were 
seen at the State University of Iowa Hos- 
pitals from 1950 to the present time and will 
serve illustrative purposes throughout this 
treatise. Eight of these infants were males 
and 11 were females. In 8, the birth weight 
was less than 514 pounds. The diameter of 
the omphalocele sac ranged from 2 to 14 
centimeters, and averaged 6 centimeters. 
In 3 of the babies, 2 of whom survived, the 
sacs were ruptured at birth. One of the 
omphalocele sacs contained a strangulated 
Meckel’s diverticulum, 3 contained liver, 
and the remainder were filled with loops of 
intestine. Three of the infants were treated 
conservatively and 2 expired shortly. Six- 
teen were surgically repaired at an average 
of 24 hours after delivery. The omphalocele 
defect was corrected in 1 operative proce- 
dure in 10 patients, and in staged procedures 
in the 6 others. Only 4 of the patients had 
no other demonstrable anomalies, 5 had a 
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vesicointestinal fissure, and the remaining 
10 had other types of associated anomalies. 
Ten of the 19 patients survived treatment. 


INTRODUCTION 


Omphalocele—synonym, exomphalos— 
literally means ‘“‘umbilical hernia” but is 
distinctly different from the much more 
common condition which we refer to clin- 
ically as umbilical hernia. The sac of an 
omphalocele is made up only of amnion 
without the integumentary coverage and 
peritoneal lining which characterize the 
true umbilical hernial sac. This substitu- 
tion of skin and peritoneum in an umbilical 
hernia for amnion in an omphalocele re- 
markably alters the prognosis and treat- 
ment. It allows observation and conserva- 
tive management with reasonable expect- 
ancy of ultimate spontaneous cure without 
threat to the patient’s well-being, or at 
most a definitive surgical repair undertaken 
electively at 3 to 5 years of age. On the other 
hand, a true omphalocele is of more serious 
portent. It implies a much higher incidence 
of the presence of associated anomalies else- 
where and carries a greater risk of perito- 
nitis due to sac rupture, strangulation of 
herniated bowel, “‘loss of domain” on the 
part of the sac contents, and other grave 
problems necessitating a more guarded 
prognosis and considerably increasing the 
complexity of management. 


EMBRYOLOGY 


Actually, an omphalocele is not a hernia 
in the strict sense of the word, since it has 
no peritoneum lining its sac nor have its 
contents ever been located intra-abdom- 
inally. It is a perpetuation of the state 
existing at the sixth to twelfth weeks—12 
to 40 millimeters—of intrauterine life dur- 
ing which time the entire midgut passes 
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out of the abdominal cavity at the umbilicus 
and into the base of yolk sac via the vitello- 
intestinal (omphalomesenteric) tract. Fig- 
ure 1 illustrates the earliest stage of this 
physiologic hernia. Normally, accelerated 
linear growth of the bowel occurs during 
this extracoelomic phase as well as counter- 
clockwise rotation through 270 degrees 
around the superior mesenteric vascular 
axis, prior to an orderly reduction of the 
bowel back into the abdominal cavity and 
later partial fixation into its definitive posi- 
tion. Figure 2 shows the maximum degree 
of the physiologic hernia as seen in the 9 
week—17 millimeter—embryo. Failure of 
reduction of bowel and, therefore, contin- 
ued extracoelomic displacement of the 
viscera result in the situation which is re- 
ferred to as omphalocele. The causes under- 
lying such a failure in reduction are un- 
known. It may be related to a failure in 
development of the abdominal wall. The 
presence of an abnormally small coelomic 
space inadequate to receive the viscera 
which is associated in some of these infants 


suggests that this may be a factor. ‘These 
may, however, be effects and not causal. 


ASSOCIATED ANOMALIES 


Because the sixth to the twelfth weeks of 
intrauterine life, during which this extra- 
coelomic phase of bowel development takes 
place, are also the period of greatest growth 
of the central nervous system, head struc- 
tures, heart and great vessels, and hindgut, 
it is not surprising that anomalies in these 
systems commonly accompany omphalocele. 
Gross (6) reported associated congenital 
anomalies in 59 per cent of a series of 88 
patients, and 50 per cent of Johnston’s series 
of 31 patients had anomalies elsewhere. Of 
the 19 patients in the State University of 
Iowa Hospitals series, 15, or 79 per cent, 
had associated anomalies; this inordinately 
high incidence probably reflects the peculiar 
situation of a large teaching hospital in a 
small urban community where the patients 
with complicated and severe defects tend 
to be referred. 


It is understandable that the alimentary 
tract, which is taking part in this com- 
plex development resulting in omphalocele, 
should be the system most often involved in 
associated anomalous changes. Thirty-three 
per cent of Johnston’s patients had intes- 
tinal anomalies associated with omphalocele, 
28 per cent of Gross’ (6) patients had mal- 
rotation and obstruction of the bowel, and 
8 of the 19 State University of lowa Hospi- 
tals patients had such complications. Many 
of the associated anomalies are not of imme- 
diate importance, such as patent ductus 
arteriosus, congenital heart disease, cleft 
palate, and harelip, but the alimentary tract 
deformities must be recognized and treated 
concomitantly with surgical management 
of the omphalocele because by their very 
nature—malrotation, volvulus, reduplica- 
tion, atresia, and extrophy—they often so 
interfere with intestinal function as to be 
incompatible with life. This point militates 
in favor of careful abdominal exploration 
at the time of repair of all omphaloceles. 

There is a small group of patients who 
exhibit omphalocele in association with 
extrophy of the bladder, extrophy and 
atresia of the intestine, and other serious 
disturbances of the genitourinary and intes- 
tinal tracts. This combination of anomalies 
is known under a variety of names such as 
extrophy of the bladder and colon, ectopic 
cloaca, and other similar terms. Rickham 
credits Schwalbe with introducing the more 
meaningful name of vesicointestinal fissure 
for this condition. In our series, 5 patients 
represented examples of this group of severe 
congenital disturbances. The embryology 
and management of vesicointestinal fissure 
are sufficiently different and more complex 
than the ordinary omphalocele to warrant 
specific detailed consideration in a later 
article. . 


INCIDENCE 


The incidence of omphalocele has been 
estimated by McKeown to be 1 to 3,200 (1 
omphalocele per 3,200 births) in an exten- 
sive study made in Manchester, England. 
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Fic. 1. Human embryo at 6 weeks, 12 millimeter stage, 
showing beginning herniation of midgut into the base of 
the umbilical cord. Note the cloaca commO®ago the uri- 
nary and intestinal tracts. 

Fic. 2. Human embryo at 9 weeks, 17 millimeter stage, 
illustrating maximum herniation of midgut into the base 
of the_umbilical cord. Rapid growth in length and 


O’Leary and Clymer reported an incidence 
of 1 to 3,300 and Jarcho, 1 to 6,600 births. 
The incidence at the State University of 
Iowa Hospitals is 3 in 11,480 births from 
1 January 1951 to 31 December 1959, or 
1 to 3,800. If we take 1 to 4,000 as a nomi- 
nally conservative estimate of incidence and 
extrapolate proportionately to the data of 
Donnelly of an average of 63,533.4 births 
per year in the State of Iowa from 1950 
through 1959, we can estimate that approxi- 
mately 15 babies are born with omphalocele 
in the State of Iowa each year. 

There is an occasional report such as that 
by Rothenberg and Barnett indicating a 
hereditary relationship, although most series 
do not support this theory. Most reports 
indicate no sex or prematurity incidence of 
note. 


DIAGNOSIS 


The diagnosis of omphalocele is ordinarily 
obvious by inspection alone (Fig. 3). Al- 
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counterclockwise rotation through 270 degrees of the 
midgut is occurring. Note separation of the hindgut from 
bladder. 


though not necessary for diagnosis, a lateral 
roentgenogram often will demonstrate in- 
testine within the omphalocele sac, as illus- 
trated by Figure 4. Occasionally, a hema- 
toma or cystic accumulation of Wharton’s 
jelly in the base of the umbilical cord might 
be confused with a small omphalocele and 
should prompt the obstetrician to leave a 
longer umbilical stump than normal until 
the differential diagnosis is clarified. 


COURSE 


The size of the omphalocele sac varies 
from 2 to 14 centimeters or larger in its 
greatest diameter, but averages around 6 to 
8 centimeters. The fascial defect is generally 
smaller than the sac diameter and averages 
around 3 to 4 centimeters. Immediately 
after delivery the omphalocele sac is ordi- 
narily thin and translucent so that the exam- 
iner can identify the sac contents. In a 
matter of hours, however, the sac becomes 
thicker, lusterless, and opaque indicating 
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Fic. 3. Omphalocele. 


dehydration and necrosis (Fig. 3). It then 
is likely to develop fissures-and no longer 
function effectively as a barrier against 
intra-abdominal contamination. The three 
umbilical vessels often are attached to the 
apex of the sac but may appear eccentrically 
because of displacement by the expanding 
sac. The blood supply to the sac is very 
poor, predisposing to the aforementioned 
changes and necessitating early and effec- 
tive treatment to avoid rupture or contami- 
nation through microscopic rents. 


SAC RUPTURE 


Rupture of the sac is a grave complica- 
tion of omphalocele. If it occurs antenatally, 


@~* 


Fic. 4. Lateral roentgenogram illustiating air-fluid 
level within a strangulated Meckel’s diverticulum con- 
tained in the omphalocele sac. Note the air in the loop of 
bowel entering the base of the sac. 


the prognosis is much worse because of the 
secondary changes which the eviscerated 
bowel undergoes (Fig. 5); the intestinal wall 
is thickened and not pliable, the serosa is 
lusterless and partially covered by exudat: 
the bowel is kinked and often its lengt!; 
shortened. These effects of chronic peritoni- 
tis render operative reduction of the viscer: 
difficult and predispose to paralytic or mv- 
chanical ileus. In 1 of our patients who con- 
stituted an example of intrapartum ruptur:, 
the entire intestinal tract measured only 
about 10 inches in length. This infant sur- 
vived for 10 days after operation, with no 
audible bowel sounds and no significant 
passage of feces per rectum after the meconi- 
um had been evacuated; he expired from 
massive aspiration of stomach contents. 
Prognosis of postnatal sac rupture is 
measurably better since the advent of anti- 
biotics, improved anesthesia, careful paren- 
teral fluid and blood replacement, and other 
measures to combat systemic infection, treat 
peritonitis, and expedite operative reduction 
and postoperative management. The evis- 
cerated intestine should be immediately 
moistened by sterile saline and encased in 
sterile rubber or plastic sheeting and every 
effort made to get the child to the operating 
room quickly. The operation should con- 
sist of culture and mechanical cleansing of 
the exposed serosal surfaces, expedient re- 
duction, and some form of abdominal wall 
closure. Penicillin and streptomycin should 
be administered until results of the culture 
taken at the time of operation are known, 
and then specific antibiotics should be used. 
Nasogastric suction and appropriate fluid 
and electrolyte replacement are necessary 
until normal bowel function returns. Gross 
(6) has reported survival of 6 of 17 patients 
with rupture of the omphalocele sac when 
these principles are followed. Figure 5 illus- 
trates a patient of State University of lowa 
series exemplifying successful management. 


TREATMENT OF UNRUPTURED OMPHALOCELE 


During transfer to the hospital where 
definitive management will be undertaken 





an’ while such preparations are being 
made, the sac should be covered by sterile 
mo stened sponges. Prophylactic penicillin 
an streptomycin should be given because 
of potential intraperitoneal infection. A 
sm. ll, No. 8 French, plastic nasogastric 
tule should be passed and the stomach 
em tied by syringe to obviate aspiration of 
gas'ric contents; the tube should then be 
co nected to low grade constant suction to 
prevent distention of the hollow viscera by 
secretions or swallowed air which in them- 
sel\es would make reduction more difficult 
and contribute to postoperative distention 
and ileus. The infant should be kept warm 
and preferably in the decubitus position 
with his head slightly elevated. Preoperative 
roentgenograms of the abdomen and chest 
should be obtained as they may reveal asso- 
ciated malformations not apparent on phys- 
ical examination. Blood should be cross- 
matched and a plastic catheter placed into 
a vein via a cutdown. A note of urgency 
should underlie these preparatory measures 
to expedite getting the infant to the operat- 
ing room. 

Surgical management may be carried out 
in one or two stages dependent upon the 
ability to reduce the eviscerated structures. 
If the sac contents are small and the coelom- 
ic cavity large enough to receive the viscera 
without undue tension, the sac should be 
excised and closure of the wound layers 
accomplished by interrupted, nonabsorb- 
able suture material. Closure can be in a 
transverse or vertical plane, dependent 
upon the orientation of the defect. The 
three umbilical vessels and urachus should 
be individually suture-ligated and divided 
at the periphery of the operating field. As 
previously mentioned, careful evaluation 
of the alimentary tract for associated anom- 
alies is mandatory, even at the expense of 
enlarging a fascial defect which is too small 
to allow such investigation through its nat- 
ural confines. 

This expedient means of primary repair 
cannot be used safely in all cases of exom- 
phalos. It cannot be used when the fascial 
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Fic. 5. Antenatal rupture of omphalocele sac. Stomach 
is to left, colon to the right, and small bowel suspended 
in a dependent manner. Note the effects of chronic 
peritonitis. 


defect is so large as to obviate coaptation 
of its edges. It is unsafe to use when either 
the coelomic space is abnormally small or 
the eviscerated structures are so large that 
reduction is accomplished only under ten- 
sion. These factors result in elevation of 
intra-abdominal pressure and predispose to 
complications which may be lethal to the 
infant. Such complications would include 
intestinal kinking with obstruction, dia- 
phragmatic elevation inducing respiratory 
embarrassment, and inferior vena cava 
compression reducing venous return to the 
heart. 

In 1948 Gross (5) reported a satisfactory 
two stage method of managing these pa- 
tients. The first stage consists of mobilizing 
the abdominal wall skin and subcutaneous 
tissue from the abdominal muscle fascia 
until enough has been obtained completely 
to cover the intact amniotic sac. The infant 
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Fic. 6. Preparatory to closure of skin after mobilization 
of skin flaps, excision of omphalocele sac, and explora- 
tory laparotomy. 


is discharged when the skin wound has 
healed and serially followed for several 
months until the evisceration can be re- 
duced intra-abdominally with ease; the sec- 
ond operation consists simply of excision of 
the sac and definitive layer closure of the 
fascial defect. This method of management 
does not allow detection of coincidental ali- 
mentary tract anomalies at the time of the 
initial operation which may then necessi- 
tate another extensive corrective operation 
during a period when diagnosis of these 
would be rendered difficult and the risks 
of delay or a second operation high. Another 
disadvantage is that strangulation of herni- 
ated viscera by a tight fascial ring might 
not be detected through the unopened 
omphalocele sac. 

When the liver forms a part of the sac 
contents, it may become trapped under the 
skin flap dissected away from the epigastri- 
um and lower rib cage. It then tends to 
remain extraperitoneally, and without this 
pressure from the normally located liver 
the right upper quadrant of the peritoneal 
cavity may fail to enlarge sufficiently to 
accommodate return of the liver at the time 
of the second stage operation. This difficult 
problem may be obviated by mobilizing as 
little skin from this portion of the abdominal 
wall as possible. In situations in which this 
compromise of skin mobilization does not 
provide enough skin to cover the viscera, 


alternate methods must be employed. In 1 
instance in this series there was success(ul 
marsupialization of as large a portion of tlie 
liver surface as necessary to tamponade tlie 
area devoid of skin. Skin homograft has al.o 
been used to cover the defect temporarily 
while granulations form. 

An alternative to Gross’s first stage oper.:- 
tion may avoid some of the disadvantages 
mentioned. The sac is excised to allow ex- 
ploratory laparotomy and correction of 
whatever associated anomalies might exist. 
If the sharpness or narrowness of the fascial 
ring is such as to compromise circulation ‘o 
the herniated viscera, relaxing incisions can 
be made to correct this problem. The skin 
is then mobilized and closed directly over 
the viscera, the subsequent management 
being the same as after the Gross first stage 
operation. Figure 6 illustrates this tech- 
nique. The second stage operation is per- 
haps made more tedious by this alternative 
since more adhesions tend to form between 
the viscera and subcutaneous tissue than 
between viscera and amniotic sac, but it 
would seem that the advantages might out- 
weigh this relatively minor point. Holcomb 
reports a smooth, peritoneum-like surface 
developing under skin flaps managed in this 
way on 2 occasions, with no adhesions devel- 
oping to adjacent viscera. 

The so-called conservative, or nonopera- 
tive, management of omphalocele was intro- 
duced by Grob in 1957. This regimen in- 
cludes frequent painting of the amniotic 
sac with 2 per cent mercurochrome in order 
to dry the sac to a thick coagulum, or 
eschar, under which granulation tissue forms 
followed by gradual epithelization and 
cicatrix formation. Antibiotics are given and 
the infant so positioned as to avoid pressure 
over the sac during this healing phase. The 
resultant fascial defect is then repaired sur- 
gically at a later date. Grob reports good 
results after rather extensive use of this 
method. However, it necessitates weeks of 
hospitalization and frequent nursing atten- 
tion which rather limits its applicability in 
this country. Other disadvantages would 
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incl ide a delay in diagnosis of strangulation 
or .ssociated intestinal anomalies plus the 
risk of bacterial invasion and _ peritonitis 
dur ng the early phases of resolution of the 
om) halocele sac. We have performed ex- 
plo: atory operations upon 2 children a few 
da\. after this program was initiated and 
can attest to the invasive potential across 
the sac by a reddish discoloration of the 
per ‘oneal fluid and fibrinous adhesions be- 
tween the viscera and inner surface of the 
sac provoked by the astringent applied ex- 
terially. For these reasons, we would elect 
conservative management only if prognosis 
for life were compromised by severe asso- 
ciated anomalies elsewhere. 

RESULTS 

‘Lhe results of treatment depend upon the 
state of maturity of the infant, the presence 
and severity of associated congenital anoma- 
lies, size of the fascial defect, integrity of 
the sac, the presence of liver in the sac, and 
the delay between birth and surgical correc- 
tion. Of these, only the last is controllable 
and, therefore, subject to improvement 
through education. 

The noxious effect of prematurity on sur- 
vival of babies born with omphalocele is 
self-evident. Sac integrity and associated 
anomalies and their influence on survivor- 
ship have been discussed already and will 
not be enlarged upon. Cresson and Gross 
(6) underline the worsened prognosis when 
the liver is in the omphalocele sac. 

Gross (6) emphasized the relationship be- 
tween sac size and prognosis with the ob- 
servation that in his series there was a 75 
per cent chance of survival after surgical 
correction if the sac diameter was less than 
7 centimeters but only a 15 per cent sur- 
vival if it was larger than 9 centimeters in 
diameter. 

According to a report from East, Adler 
found a mortality rate of 12 per cent if 
surgical correction were carried out at less 
than 12 hours of age and O’Leary and 
Clymer reported a mortality of 21 per cent 
if 24 hours had elapsed. These mortality 
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rates rose to 62 per cent if 48 hours had 
elapsed between birth and operation in 
O’Leary and Clymer’s series and to 66 per 
cent in Adler’s series of patients. These facts 
eloquently militate for urgency in undertak- 
ing transportation and definitive corrective 
surgical operation. 

If the aforementioned factors which 
modify prognosis are all favorable, a survival 
rate approaching 100 per cent is attainable. 
Indeed, Johnston reported survival of all 7 
infants in his series who had unruptured 
sacs, were fullterm in size, and had no 
other anomaly threatening life. On the other 
hand, Gross (6) stated that all 10 of his 
patients died in whom these factors were 
unfavorable and surgical therapy rejected. 

In large series reported in the literature, 
survival rates vary from 42 per cent in 
Johnston’s series to 76 per cent in Kersh- 
ner’s series. Our own survival rate of 53 
per cent compares unfavorably because of 
the severity of the defects in patients re- 
ferred, problems of transporting ill infants 
long distances, and other factors unique to 
this institution and its eccentric location in 
a rather large state. The delay in arrival of 
patients to this hospital is correctable to a 
considerable degree in this era of portable 
incubators, nurse attendants, and air ambu- 
lance service. 


CONCLUSIONS 


1. Omphalocele is a serious congenital 
anomaly. 

2. Embryologic factors resulting in om- 
phalocele are well understood. 

3. Omphalocele often is complicated by 
associated anomalies elsewhere. 

4. Expedient surgical correction is advis- 
able in either one or two stages. Associated 
intestinal anomalies must be looked for and 
corrected concomitantly with the initial 
operation. 

5. Prognosis varies with prematurity, the 
presence and severity of associated anoma- 
lies, size of the fascial defect, integrity and 
contents of the amnion sac, and the delay 
between birth and surgical correction. Only 
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last is controllable and improvable by 
physicians concerned. 
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URINARY EXCRETION OF ALDOSTERONE DURING 
HYPERCHLOREMIC ACIDOSIS PRODUCED BY 
DIVERSION OF URINE INTO THE COLON 


RONALD H. HAYWARD, M.B., Ch.B., KHALIL G. WAKIM, M.D., and 
WiLLIAM H. REeMINE, M.D., F.A.C.S., Rochester, Minnesota 


INVESTIGATIONS in recent years have helped 
to clarify the mechanisms by which the 
adrenal glands control the excretion of elec- 
trolytes. Some years ago Ragan and associ- 
ates and Mulinos and associates reported 
the appearance of polydipsia and polyuria, 
or a diabetes insipidus-like syndrome in 
normal animals when given desoxycorti- 
costerone acetate. Desoxycorticosterone, cor- 
tisone, and aldosterone all cause variable 
degrees of increased reabsorption of sodium 
by the renal tubules, although the nature of 
the mechanism is uncertain. There is no 
qualitative difference between aldosterone 
and desoxycorticosterone, but the former is 
60 to 100 times more potent in controlling 
the excretion of sodium and potassium. Re- 
duction of extracellular volume causes an 
increased production of aldosterone while an 
increase of extracellular volume results in 
decreased aldosterone output. Chalmers and 
his co-workers presented evidence that al- 
dosterone may stimulate the thirst center, 
and Llaurado and Woodruff demonstrated 
increased production of aldosterone after 
surgical trauma. Bartter and associates stated 
that the ‘‘regulation of aldosterone secretion 
by changes of body sodium and thus of ex- 
tracellular fluid volume depends ultimately 
upon a function of intravascular volume.” 
In view of the fact that reabsorption of 
sodium and chloride from the colon after 
ureterosigmoidostomy may produce hyper- 
chloremic acidosis with increased excretion 
of potassium and diuresis, we decided to in- 
vestigate in animals the rate of excretion of 
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aldosterone after diversion of urine into the 
colon and to correlate the findings with the 
changes in blood and urinary constituents 
during hyperchloremic acidosis. 


METHODS 


In this study, urine excreted in 24 hours 
was collected and the excretion of aldos- 
terone was determined by a modification of 
the method of Neher and Wettstein. We have 
described the other laboratory methods and 
surgical techniques previously (3, 4). 

The amount of urinary aldosterone ex- 
creted in 24 hours was determined in 6 nor- 
mal dogs and in 2 other animals immediately 
after the completion of bilateral nephros- 
tomy. 

Diversion of urine to the cecal region of 
the colon with ileosigmoidostomy was car- 
ried out on 6 of the normal animals, and the 
blood was examined every few days to follow 
changes in the concentration of serum chlo- 
ride, carbon dioxide combining power, and 
blood pu. Several weeks later, bilateral 
nephrostomy was performed on these dogs, 
and again the 24 hour excretion of aldoste- 
rone was measured in each instance. Imme- 
diately after nephrostomy the quantity of 
chloride excreted in the urine during the first 
3 hours was determined. This figure was 
then multiplied by 8 to give the total quan- 
tity which would have been produced in 24 
hours if excretion had continued at the same 
rate. The figures for excretion of urinary 
aldosterone were then compared with those 
for excretion of chloride and also with the 
severity of hyperchloremic acidosis in order 
to determine whether a relationship existed 
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TABLE I.—CORRELATING THE ALDOSTERONE EX- 
CRETION WITH THE SEVERITY OF HYPER- 
CHLOREMIC ACIDOSIS AND THE URINARY 
EXCRETION OF CHLORIDE FOLLOWING NEPH- 
ROSTOMY 

Carbon dioxide Urinary Chloride 

Serum combining power, aldosterone, excretion, 

Dog chloride, millimole per micrograms mEq. per 
No. mEq./liter liter of plasma Blood pH per 24 hours 12 hours 


120.2 20.93 — 2.8 55.2 
120.9 — — , 30.3 
120.0 22.86 — : 32.8 
117.0 22.67 ‘ 6.0 
120.1 15.89 ‘ 10.8 
120.9 19.66 , 29.5 


between the quantity of salt absorbed by the 
colon, represented by the excretion of chlo- 
ride in the urine, or with the degree of 
acidosis. 


RESULTS 


Control values for aldosterone excreted in 24 
hours by 6 dogs. In each instance, only a trace 
of aldosterone was detected in the urine col- 
lected over 24 hours from control animals. It 
is difficult to determine the exact quantity 
present when the amount contained in the 
urine is so small; however, the values were 
all less than 0.2 microgram per 24 hours. 

Excretion of aldosterone in 24 hours after 
nephrostomy in 2 normal dogs. Collections of 
urine excreted in 24 hours by 2 normal dogs 
after bilateral nephrostomy showed an al- 
dosterone content of 0.3 microgram and 0.4 
microgram, respectively. These values prob- 
ably represent the degree of increased excre- 
tion of aldosterone secondary to the surgical 
trauma of nephrostomy. 

Excretion of aldosterone in 24 hours after bi- 
lateral nephrostomy on 6 dogs with hyperchloremic 
acidosis. Bilateral nephrostomy was performed 
on the 6 dogs with hyperchloremic acidosis 
resulting from diversion of urine into the 
cecal region of the colon. All animals in this 
group revealed increased values for aldos- 
terone excreted in 24 hours. The highest 
figure obtained was 2.8 micrograms per 24 
hours and the lowest 0.3 microgram, with a 
mean value of 1.4 micrograms per 24 hours. 

In Table I the quantities of aldosterone 
excreted are compared with the severity of 


hyperchloremia and acidosis prior to neph- 
rostomy and with the calculated rate of ex- 
cretion of chloride during the immediate 
postnephrostomy period. There was no di- 
rect correlation of the rate of excretion of 
aldosterone with the degree of hyperch|o- 
remic acidosis, but the highest values jor 
excretion of aldosterone corresponded roug'i- 
ly with the higher figures for excretion of 
chloride, except in animal 6. 


COMMENT 


In this study the quantities of aldosterone 
excreted by animals during hyperchloremic 
acidosis were consistently greater than those 
in the control animals and in those subjected 
to nephrostomy alone. It is not definitely 
known, however, to what extent the opera- 
tive trauma contributed to the increased al- 
dosterone production in these animals or 
whether the quantities of aldosterone pro- 
duced could have caused significant salt re- 
tention. Similarly, the mechanism for stimu- 
lating aldosterone secretion in these dogs is 
not readily apparent, as an increased blood 
volume and salt retention should have pro- 
duced the reverse effect. It must be remem- 
bered, nevertheless, that the values deter- 
mined in the urine may not have been truly 
representative of the rate of steroid secretion 
existing prior to nephrostomy. Naturally, 
when the urine is no longer able to enter the 
colon the stimulus for aldosterone produc- 
tion, if such existed, is no longer present and 
the urinary excretion would then represent 
only the elimination of hormone during the 
declining phase of secretion after removal of 
this stimulus. The true values for excretion 
of aldosterone may, therefore, have been 
greater than those recorded. 

If, in fact, the production of aldosterone 
does vary directly with the load of salt reab- 
sorbed from the colon, then this finding may 
represent evidence for a further perpetuating 
factor in the vicious circle of events which 
leads to the development of hyperchloremic 
acidosis after diversion of urine to the colon. 
In human beings, the production of aldos- 
terone during a state of hyperchloremic aci- 
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dosi- could be determined more readily and 
the :csults might provide additional support 
for ‘he findings presented in this limited 
investigation. 


SUM ‘!ARY 


A study was made to determine whether 
hyp: rchloremic acidosis in the dog which re- 
sult'd from the diversion of urine into the 
colon could lead to an increased production 
of aldosterone. After a period of hyperchlo- 
remic acidosis, bilateral nephrostomy was 
periormed and samples of urine collected for 
24 hours were examined for aldosterone con- 
teni. The values for urinary aldosterone thus 
obtained were correlated with the severity of 
hyperchloremic acidosis and with the load 
of chloride excreted by the kidneys. Greater 
than normal quantities of aldosterone were 
found in all instances and seemed to vary 
directly with the excretion of chloride in the 
urine. The mechanisms responsible for these 
changes will require elucidation, and it is un- 
certain to what extent the increased aldos- 


terone secretion contributed to the patho- 
logic physiology of hyperchloremic acidosis. 
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SURGERY AND THE PURSUIT OF HAPPINESS 


WILLIAM A. NOLEN, M.D., Litchfield, Minnesota 


Happiness may be defined as the oppor- 
tunity to utilize one’s talents in a life afford- 
ing scope. It might be wise to appraise the 
opportunities and obstacles which we, as 
surgeons, face in the pursuit of happiness so 
understood. 

The talents which a surgeon develops over 
a 5 to7 year period of training have as their 
one objective the acquisition of the ability 
to help the human race through the art and 
science of surgery. One may choose to em- 
phasize the clinical aspect of surgery, the 
teaching or research aspect, and must choose 
his hospital and locale accordingly. In es- 
sence, the surgeon needs only patients and a 
hospital appointment for utilization of his 
talents; but the acquisition of these funda- 
mentals is not as simple as it would seem. 

University appointments are now at a 
premium. Most university centers are sat- 
urated with capable men practicing general 
surgery of high quality. Occasionally, op- 
portunities are available for the young sur- 
geon to spend an apprenticeship in surgical 
research as a stepping stone to full clinical 
privileges, but unless he has an interest in 
the research, or can develop such an interest, 
years spent in this fashion may benefit 
neither the individual nor the surgical pro- 
fession. Even with full clinical privileges, he 
must compete with well established surgeons 
for patients and operating time, and it may 
well be many more years before he is fully 
able to utilize his clinical talents. 

In communities other than university 
centers, problems also exist. In many areas 


hospital appointments of any acceptable 
quality are simply not available. The rea- 
sons are sound—again surgeons too numer- 
ous, operating time at a premium, staffs 
closed—but they exist and must be coped 
with. We must also realize that surgery is a 
business as well as an art and a science, and 
human nature being what it is, surgeons do 
not always relish the addition of another 
competitor to their ranks. 

In towns where there is obviously no 
plethora of qualified surgeons there is still 
no open-sesame to happiness. Many com- 
munities of 20,000 and more have no for- 
mally trained surgeons. One would cer- 
tainly anticipate a welcome acceptance in 
such an area, but the business aspect of sur- 
gery again rears its ugly head and another 
obstacle must be overcome. 

If a young surgeon establishes an office in 
one of these communities, he may find it 
necessary to live for an indefinite period on 
whatever income can be garnered from 
medical pursuits far removed from the full 
utilization of his talents. His medical breth- 
ren may consider him a threat to their fi- 
nancial security. They will continue to per- 
form the surgery of which they feel capable, 
and for surgery which they believe is beyond 
their scope the patient will either be trans- 
ferred to a larger city or a surgeon from a 
larger city, because distance removes him 
from the rank of competitors, will journey in 
to take care of the surgical problem. The 
doctors are not unfriendly—on a social level 
they may be friends—but as long as their 





pati: nts are not deprived of the best of med- 
ical -are they do not feel it incumbent upon 
the:.selves to encourage a competitor; and 
who is to say that they must or should? In 
tow is of even smaller size the situation is no 
diff. rent. 

is not my purpose to promote despond- 
enc. in the aspirants to the ranks of surgery. 
Mot well trained men eventually win 
through to the enjoyment of a life spent uti- 
lizing one’s talents in a position affording 
scope. My purpose is simply to promote an 
awareness that the road to such a life is not 
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an easy one. Whether one aspires to the holy 
grail of the ‘**professorship”’ or to a life in the 
clinical practice of surgery obstacles must 
be surmounted, many of which have to do 
with neither the art nor science of surgery 
but with the business of surgery. Either at- 
tainment is beset with the possible problem 
of literally wasting one’s talents during the 
years when they might be best utilized. 

Life is competitive in any sphere, medi- 
cine and surgery included, and a surgical 
residency simply puts one in position to begin 
the struggle for professional happiness. 
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THE TECHNIQUE OF BILIARY ‘TRACT ENDOSCOPY 


CLARENCE J. SCHEIN, M.D., F.A.C.S., and ELLIOTT S. HURWITT, M.D., F.A.C.S., 


New York, New York 


A DIRECT METHOD reported by Wildegans is 
available for visualizing the interior of the biliary 
passages. This procedure, termed choledochos- 
copy, is made possible by the Wildegans instru- 
ment introduced in 1953. To the biliary tract 
surgeon confronted with the problem of the re- 
sidual stone and the differential diagnosis of 
choledochal obstructions, it is potentially as val- 
uable a diagnostic tool as the observation cysto- 
scope is to the urologist. 

Direct visualization compensates for the limi- 
tations of operative cholangiography. It enables 
the surgeon, at the time of choledochotomy, im- 
mediately to evaluate the problems of cholangi- 
tis, calculus, and the differential diagnostic fea- 
tures of ductal obstructions. Such routine ob- 
servation should go far to eliminate the residual 
stone frequently discovered in the immediate or 
late postoperative period. 

The ocular has been modified by the addition 
of an eye shield. This is a detachable rubber cup 
mounted on a rotatable bakelite ring; it allows 
the surgeon to see the ducts in a light-shielded 
atmosphere without having to dim the overhead 
lights. An alternate endoscopic shield has been 
modified by the introduction of a screw to which 
a whip follower is attached. This addition facili- 
tates introduction of the instrument into the 
duodenum. The shield is calibrated in centime- 
ters, so that, in our experience (2), the operator 
is aware at all times of his position within the 
biliary tree. 

The instrument is inserted into the common 
bile duct after the usual toilet of the channel has 
been completed (Fig. 1). In this sense the cho- 


From the Surgical Division, the Montefiore Hospital, New 
York. 


ledochoscope is used for a secure and definitive 
evaluation of the changes in the mucous mein- 
brane and lumen after the therapeutic mancu- 
vers have been accomplished. The instrument is 
prepared for use by adjusting the saline reservoir 
to a height of 30 to 36 inches above the level of 
the patient’s abdomen, and the drip rate is regu- 
lated at the two-way stopcock so that there is a 
constant flow still recognizable as a drip rather 
than as a steady stream. The light is adjusted so 
that the filaments of the bulb are no longer visi- 
ble which ordinarily requires 2 to 4 volts. 

It is advisable to remove or to relax the ab- 
dominal retractors during the period of visuali- 
zation to prevent traction distortion of the com- 
mon duct. For the same reason, the kocherized 
duodenum should be allowed to resume its nor- 
mal position. Laparotomy pads within the ab- 
dominal cavity serve as sponges for the absorp- 
tion of the overflow of irrigation fluid. The oper- 
ator has already obtained an impression of the 
general contour of the common duct by his ex- 
ploration. With this knowledge, and with the 
drip rate and intensity of light adjusted, he in- 
serts the instrument obliquely into the choledo- 
chotomy incision. Although the best view is ob- 
tained on withdrawing the instrument from a 
deep position, it is advisable to view the field 
while inserting the choledochoscope in order to 
avoid catching a calculus between the wall of the 
duct and the side of the endoscopic shield. 

The endoscope is first directed proximally. 
The mucosa of the common bile duct is yellow- 
pink, with small reticulated blood vessels in its 
wall. The mucous membrane shows numerous 
oval or elliptic pits, representing the glandulae 
mucosae, varying in size from 1 to 3 millimeters. 


The 
na is 
pati 
nize 
hep: 
site 
wal] 
of tl 
sible 
leas 
stru 
mot 
tim: 
for 

pos: 
obs 
mat 
clos 





Schein and Hurwitt: TECHNIQUE OF BILIARY TRACT ENDOSCOPY 


515 


VENTRAL CRANIAL 
DIVISION 
s 


DORSAL CAUDAL 
_ DIVISION 


- 
- 








~LEFT HEPATIC 
DUCT 


RIGHT HEPATIC” ~S COMMON HEPATIC 
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Fic. 1. The endoscopic panorama extends from the third or fourth order of hepatic ducts proximally 
to and through the ampulla distally. The position of the endoscope is indicated. 


The instrument is advanced until the broad cari- 
na is identified at the division of the common he- 
patic duct. The ventral-cranial division is recog- 
nized as a direct continuation of the right 
hepatic duct. A short vestibule appears at the 
site of bifurcation, and from its intermediate 
wall the large orifice of the dorsal-caudal branch 
of the right hepatic duct is visualized. It is pos- 
sible to see into its lumen for a distance of at 
least 1 centimeter. During observation the in- 
strument is moved to and fro and in a circular 
motion in order to visualize the entire wall at all 
times. The operator soon learns to compensate 
for the magnification distortion by altering the 
position of the lens in relation to the area being 
observed. The greatest distortion in size and 
magnification appears when the instrument is 
closest to the area under direct vision. Normal 


size relationships exist when the distance be- 
tween the lens and the area under consideration 
is 2 to 3 centimeters. After the divisions of the 
right hepatic duct have been visualized, the in- 
strument is withdrawn to the carina and passed 
into the left hepatic duct. The angle between the 
ducts may be acute, obtuse, or parallel. In most 
cases there is no difficulty in entering the left 
hepatic duct for a distance of 2 or more centime- 
ters without encountering major branches. Un- 
named small ostia are often visualized in the 
carinal spur. 

The endoscope is then completely withdrawn 
and reinserted toward the duodenum. A funnel- 
shaped narrowing is encountered as the sphinc- 
ter is approached. It is usually necessary to angle 
the instrument somewhat anteriorly and to the 
right in order to identify the sphincter and to 
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Fic. 2. These photographs of the bile ducts are enlarged 10 times and have been taken with 
tri-x film at 45 of a second. a, Midportion of common duct, demonstrating the orifices of the glan- 
dulae mucosae that give it a trabeculated appearance. b, Distal end of common duct, looking 
through the relaxed sphincter into the duodenum. c, Close-up of the carinal spur at the bifurcation 
of the common hepatic duct into its two major divisions. 


pass through it. The sphincter has a variety of 
shapes, although it is usually triangular, stellate, 
or irregularly quadrilateral... Its mucosal edges 
appear somewhat ragged. The duodenal lumen 
is seen ahead of the lens as a dark void. It is 
identified by its mucosal folds. In some patients 
it is difficult to pass the instrument into the duo- 
denum under direct vision. When such a situa- 
tion arises, the whip catheter may be introduced 
through the sphincter; then the shield with the 
screw attachment is used in the whip follower 
principle to enter the duodenum, and the duct is 
visualized on withdrawing the instrument to- 
gether with the attached whip. Under other cir- 
cumstances, it is possible to introduce the empty 
detached shield through the sphincter by manip- 
ulation from above and behind. When this has 
been accomplished, the endoscope is threaded 
into the preplaced shield and the duct is visual- 
ized as the entire instrument is withdrawn. 
Endoscopic photography is of value for docu- 
menting the observations (Fig. 2). Still and mo- 


tion picture films in color and black and white 
have been obtained of the interior of the biliary 
passages by Griessmann and by us (3). The ap- 
paratus consists of a weighted beam counter- 
balancing the camera with the attached endo- 
scope. The bakelite mount has several adjust- 
able screws so that the relation of the instru- 
ment’s lens to the camera eye may be altered in 
any direction. The operator may thus view the 
interior of the bile ducts through the eye of the 
camera. This apparatus may be wrapped in 
sterile linen and then utilized in the operating 
room. 
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A NEW URINE COLLECTION DEVICE FOR CHILDREN 


WITH ILEAC SEGMENTS 


CHARLES H. NICOLAI, M.D., F.A.C.S., St. Louis, Missouri 


Nec! ssiry dictated the designing of a urine col- 


lectin device for an 18 month old child with an 
ileac segment urinary diversion. This is a modi- 
fication of the Lapides urinary ileostomy device. 


Tiiis new device consists of a 2 inch aluminum 
ring with a 1 inch lumen. Hooks are provided on 
the ring for attachment of an elastic abdominal 
belt to aid in fixation stability. A condom is 
passed through the lumen of the ring and its 
cuff is passed over the outside rim of the ring, 
thereby securing the condom to the ring without 
further measures being necessary. In this way, 
the abdominal side of the ring is covered with a 
rubber membrane to which a skin cement is 
applied. The condom-covered ring can then be 
attached over the ileostomy by approximation 
to a matching circle of cement. Thus, a water- 
tight seal is provided. The distal end of the 
condom has been previously punctured and se- 
cured to a short piece of adaptor tubing using a 





Fic. 1. Close-up of device showing belt hooks and 
flanges to keep cuff of condom away from lumen. 
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hollow connector plug. This piece of rubber tub- 
ing is then attached to a leg urinal. The device 
is shown in Figure 1. Application of the assem- 
bled collection device to a manikin is shown in 
Figure 2. 

This appliance has been successfully used on 
several patients who were too young and conse- 
quently too small to use any of the conventional 
urinary receptacles. Some children can wait as 
long as 5 to 7 days before reapplication of the 
device is necessary. Several of the children have 
worn the device over a 3 to 4 year period with- 
out any apparent limitation of activity. 

Occasionally, the skin of the abdominal wall 
will be irritated by the relatively sharp, thin 
edge of the ring. This state can be remedied by 
placing the ring inside a thin “doughnut” of 
foam rubber by partially incising the doughnut 
in a sagittal plane from the inside of the dough- 
nut hole and placing the ring therein. The con- 
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Fic. 2. Application of the assembled device on mani- 
kin. 





dom is then applied over this foam rubber cov- 
ered ring in the usual manner. 

Another way to make the thin edge of the 
ring less irritating is to cover it with liquid rub- 
ber mold compound which is readily obtained 
in hobby shops. This covering can be built up 
layer by layer until the desired thickness is 
achieved. When dry, this rubber compound is 
impervious to urine and water. 

The advantages of this device over previously 
available appliances is its thinness, the maxi- 
mum projection above the skin being approxi- 
mately 14 inch. If suitable finger cots can be 
found, they serve as a satisfactory substitute for 
condoms and at a greatly reduced cost. If the 
hollow nylon connector plug used to attach 
the punctured end of the condom to the con- 
necting tubing becomes misplaced, a_ short 
segment of firm plastic tubing can be used 
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instead. No cleaning of skin cement from the 
ring is necessary because the cement is appiied 
to the rubber membrane covering the abdv:ni- 
nal side of the ring, the former being disposed 
of at the time of reapplication of the device. 

As when other urine collection devices are 
used, skin care is very important. Residual! skin 
cement usually can be rolled off by using soap 
and water. Benzene should never be used a: it is 
irritating and will interfere with the adhisive 
qualities of the skin cement. 


SUMMARY 


A new, thin external urine collection device 
designed especially for children with ileac seg- 
ment urinary diversion has been described. 
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THE ANORECTAL AND ANOVULVAL FISTULOUS ABSCESS 


STEPHEN EISENHAMMER, M.B.(Edin.), F.R.C.S.(Eng.), Johannesburg, South Africa 


A NEW CONGEPT of the anal abscess and fistula 
was described by me in 1958 (1). It was stated in 
the final short paragraph that the anterior fistu- 
lous abscess in the male warranted special men- 
tion because of its tendency to invade the scro- 
tum. It is now opportune to deal more fully with 
this subject. 

The anterior low intermuscular fistulous ab- 
scess in the male may involve the scrotum. In the 
female, the anterior high intermuscular fistulous 
abscess is situated deep to the caudal portion of 
the labia majora. Both these lesions give mislead- 
ing signs strongly suggestive of extra-anal origin. 
They are thus a very definite diagnostic pitfall 
(Fig. 1). 


THE ANOSCROTAL LOW INTERMUSCULAR FISTULOUS 
ABSCESS 


In the male, the anterior low acute anorectal 
intermuscular fistulous abscess occurs and points 
more often to the right of the median perineal 
raphe below the base of the scrotum in the peri- 
anal space which is continuous with the sub- 
cutaneous tissues of the scrotum. A proportion of 
these right-sided abscesses, in the ensuing in- 
flammatory exacerbation, tends to involve and 
spread higher into the subcutaneous scrotal 
space. Eventually the scrotum may become 
grossly involved unilaterally by the chronic sup- 
purative process and at that time may appear to 
be the primary site of involvement. 

In cases of advanced scrotal involvement the 
testis may be pushed up by the cicatrized scro- 
tum. The condition is differentiated from a pri- 
mary epididymo-orchitic infection in that the 
testis remains uninvolved and freely mobile. A 
more important diagnostic feature is the telltale 
old scars of previous sinuses nearer the anal 
verge. The chief diagnostic sign is the well de- 
veloped and distinctly palpable subcutaneous 
cord of the chronic granulomatous fistulous 
tract extending from the scrotum to the anal 
verge. This anoscrotal condition, which is far 
from rare, appears to occur only on the right 
side in patients more than 40 years of age and 
in those in whom the lesion has been of long 
standing. 


THE ANOVULVAL HIGH INTERMUSCULAR FISTULOUS 
ABSCESS 

In the female, the acute high anterior inter- 
muscular fistulous abscess lies to the side of the 
rectovaginal septum and bulges anteriorly into 
the deep aspect of the lower part of the labia 
majora above the anorectal line. It is easily pal- 
pable bidigitally, usually is about the size of a 
walnut, and presents the misleading features of a 
primary vulval abscess. The diagnostic features 
are the acute pain which is definitely of the anal 
type and edema which appears at the anal verge. 
The vulva shows no superficial inflammation as 
in an acute Bartholin abscess in which the pain 
is of the vaginal type. This acute anorectal 
abscess is relatively rare. 


DISCUSSION AND TREATMENT 


The term “‘fistulous abscess” was introduced 
(1) to stress the common cause and pathologic 
findings in these lesions described as different 
entities previously. The abscess is the parent of 
the fistula and thus they are inseparable. Hither- 
to it had been the universal practice to separate 
the two conditions completely and to describe 
different forms of treatment for each. In this 
new concept and classification, the abscess rep- 
resents the acute stage of the infective process, 
whereas the fistula represents the chronic stage. 
In this classification (Fig. 1), 97 per cent of the 
fistulous abscesses have an internal cryptogland- 
ular origin, the infective process evolving in the 
intermuscular space deep to the internal sphinc- 
ter. The key to the cure of the acute or chronic 
stage of the fistulous abscess thus lies in dealing 
adequately and often radically with the source of 
origin and entry, the cryptoglandular unit, and 
the area where the infective process is evolved 
and maintained—the anal intermuscular space. 

The operation of internal anal sphincterot- 
omy, as first described by me in 1951 (2) and 
finally evaluated in 1959 (3), is the essential basis 
of the surgical procedure. In the well established 
chronic anoscrotal fistulous abscess, the fibrous 
granulomatous cord is excised through a linear 
incision extending from the scrotum to the anal 
verge. The fistulous tract, which then continues 
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Fic. 1. Diagrammatic classification of the anorectal 
fistulous abscess. 7, High intermuscular fistulous abscess. 
2, Low intermuscular fistulous abscess. 3, Intermuscular 
ischiorectal fistulous abscess or horseshoe lesion. 4, Sub- 
mucous nonfistulous abscess. 5, Mucocutaneous fistulous 
abscess. 6, Pelvirectal abscess, nonanorectal. 7, Ischio- 
rectal fistulous abscess. 8, Subcutaneous nonfistulous 
abscess. 


deep to the internal sphincter into an antero- 
lateral crypt situated at the dentate line, is dealt 
with next by extending the incision to this crypt 
and also by completely dividing the intervening 
portion of the internal sphincter. The intermus- 
cular space may now be curetted and then cau- 
terized with copper sulfate. 

This is accomplished by packing in large 
crystals to fill the floor of the wound and then 
maintaining pressure upon the crystals with 
gauze for about 3 minutes. The wound from the 
scrotum to the anal verge is closed by inter- 
rupted widely spaced silk sutures. The portion of 
the wound in the anal canal is left open. This 
same principle of suture to the subcutaneous ex- 
ternal porticn of the chronic fistulous tract ap- 
plies also to the single or double horseshoe fistula 
which in this classification is termed the chronic 
intermuscular ischiorectal fistulous abscess. 

In the acute high type of anovulval inter- 
muscular fistulous abscess, a cure is achieved by 
total division of the internal sphincter muscle in 
the central line of the abscess. The acute abscess 
cavity is not curetted but freely cauterized with 
large copper sulfate crystals. A piece of gauze 


impregnated with acriflavine is placed firmly in 
the wound and a small caliber rubber tube of 
pencil thickness with proximal side holes is in- 
serted into the rectum. This treatment provides 
greater comfort in the immediate postoperative 
period by allowing complete rest of the anorec- 
tum. This tube is left in until the fourth post- 
operative day when the bowels are encouraged 
to act. The patient is discharged on the fourth 
day. The aftertreatment, which applies in gen- 
eral to most anal canal operations, consists of 
cleansing with water twice daily, best carried 
out by using a bidet or hand “telephone” shower 
and then introducing digitally 3 per cent aure- 
omycin ointment until healing is nearly com- 
pleted. Gauze with vaseline is used as the surface 
dressing. 


CONCLUSION 


In this approach to the management of the 
fistulous abscess there is a reversal of the gen- 
erally accepted operative and _ postoperative 
principles. As about 97 per cent of the total be- 
long to the intermuscular group, the major por- 
tion of the wound is internal, tissue removal is 
minimal, and healing takes place from without 
inward in contrast to the popular practice of 
encouraging large oval or racquet-shaped ex- 
ternally drained wounds to heal from within 
outward. Packing of wounds is unnecessary. 
Minimum periods of hospitalization and early 
ambulation with self-administered home care 
are encouraged. The majerity of patients are 
managed satisfactorily by an ambulant office 
regimen. 

The special description and terminology of 
these two types of intermuscular fistulous ab- 
scesses are more than justified if only to reiterate 
that the anal intermuscular space with its asso- 
ciated cryptoglandular units holds the key to 
successful surgical management of this complex 
condition. 
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SURGICAL MANAGEMENT OF ACUTE OBSTRUCTIVE 
ANURIA DUE TO STAGE IV CARCINOMA OF THE CERVIX 


JOHN T. GOSWITZ, M.D., and JOHN C. ULLERY, M.D., F.A.C.S., Columbus, Ohio 


THE UROLOGIST and the gynecologist must often 
collaborate in the management of the female 
patient with extensive pelvic disease. In no in- 
stance is this need more evident than in the 
patient with stage IV carcinoma of the cervix. 
Not only are 10 to 15 per cent of these patients 
seen for the first time with anuria from bilateral 
ureteral obstruction, but 60 to 80 per cent also 
will die of a urinary complication rather than of 
the cancer. Thus, the treatment of these patients 
becomes a combined problem which necessi- 
tates a close relationship between the urologist 
and the gynecologist. 

Recently, a patient who had been anuric for 4 
days was found to have a stage IV cervical car- 
cinoma with bilateral ureteral obstruction. Her 
subsequent management and course are pre- 
sented to show that cases of this type are far from 
hopeless and that, with the proper treatment, the 
patients can be given several months of useful 
life. 

The patient, a 54 year old white female, was some- 
what confused but gave an 8 month history of per- 
sistent postmenopausal bleeding. Two weeks prior to 
admission, she had had such heavy vaginal bleeding 
that she was forced to seek medical aid from her local 
physician. She was hospitalized in her community 
hospital and given 1 unit of whole blood for ‘‘anemia.” 
The day after this transfusion, she became anuric and 
remained so for 4 days, at which time she was trans- 
ferred to our hospital. 

Upon admission, the patient was slightly obese, 
chronically ill-appearing, pale, anasarcic, drowsy, 
confused, disoriented, and occasionally irrational. 
Bilateral coarse rales in the midlung fields were 
present. The heart was enlarged to the anterior axil- 
lary line with a regular rhythm. Abdominal examina- 
tion demonstrated ascites without organomegaly or a 
palpable mass. The extremities showed 3+ pitting 
edema of the right leg and 2+ pitting edema of the 
left leg. Pelvic examination demonstrated a large, 
necrotic, foul-smelling, draining mass involving the 
entire vaginal apex and extending to both lateral 
pelvic walls. There was a firm mass palpable at 5 
centimeters beneath the rectal mucosa. 

The temperature was 99.4 degrees F., orally, the 
pulse 84, the respirations 24, and the weight 154 
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pounds. The blood pressure was 154 systolic and 80 
diastolic. Examination of the blood disclosed a hemo- 
globin of 7.5 grams per 100 milliliters with a hemato- 
crit of 24 per cent and a white cell count of 12,600 
with 96 per cent neutrophils. Anisocytosis and poikilo- 
cytosis were observed. Electrolyte determination 
showed a sodium of 135 milliequivalents per liter, a 
potassium of 8.0 milliequivalents per liter, and a 
chloride of 99 milliequivalents per liter. The carbon 
dioxide was 15 milliequivalents per liter. The fasting 
blood sugar was 98 milligrams per 100 milliliters and 
the blood urea nitrogen was 55 milligrams per 100 
milliliters. Blood volume determination showed a 
1,000 cubic centimeter deficit in whole blood. 

Cardiomegaly and pulmonary congestion with left 
and possibly right pleural effusion were evident on 
roentgenograms. 

After admission to the gynecology service, the pa- 
tient was seen in consultation by the urology, renal, 
and medical services. It was the consensus that no 
digitalis should be given because of the anuria and 
that no fluids or blood should be administered be- 
cause of the obvious congestive heart failure. Blood 
for abnormal antibodies was reported as negative. An 
electrocardiogram showed an old posterior infarct 
with nonspecific myocardial changes. 

Ten hours after admission, cystoscopy with retro- 
grade passage of ureteral catheters was attempted; 
both ureters were completely blocked at 7 centimeters 
and the bladder showed bullous edema at its base. 
Biopsy of the cervix was performed after cystoscopy 
and was later reported as invasive squamous cell car- 
cinoma. Creatinine determination had risen to 12.4 
milligrams per 100 milliliters, blood urea nitrogen to 
65 milligrams per 100 milliliters, and potassium to 
8.4 milliequivalents per liter. The sodium had 
dropped to 123 milliequivalents per liter, and the 
chloride to 86 milliequivalents per liter. She was 
begun on a sodium cycle exchange resin, 15 grams in 
90 cubic centimeters of water every 6 hours, orally, 
and was given 50 cubic centimeters of 50 per cent 
glucose with 10 units of regular insulin every 4 hours 
intravenously. 

Thirty-six hours after admission, she had become 
more confused, had received only the fluids necessi- 
tated by the exchange resin, and had remained 
anuric. Because of the rising potassium, creatinine, 
and blood urea nitrogen levels and despite the 
severe congestive failure, she was taken to surgery 
where a left nephrostomy was performed in the left 
semilateral position under segmental epidural block. 
In the remaining 12 hours of the operative day, the 
patient passed 900 cubic centimeters of grossly bloody 
urine. 
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On the first postoperative day, the patient’s con- 
fusion and irrationality cleared completely, and 
ingestion of oral liquids was possible for the first time. 
Hemoglobin on this day was 6.1 grams. The white 
blood cell count was 13,464 with 91 per cent neutro- 
phils. The creatinine had fallen to 9.8 milligrams per 
100 milliliters, the blood urea nitrogen was 54 milli- 
grams per 100 milliliters, and the potassium had 
fallen to 5.5 milliequivalents per liter. The sodium 
had risen to 130 milliequivalents per liter, and the 
chloride to 88 milliequivalents per liter. The total 
protein was 5.4 grams—albumin 3.7 grams and globu- 
lin 1.7 grams. She was given 1,000 cubic centimeters 
of 5 per cent dextrose in normal saline, 1,000 cubic 
centimeters of 5 per cent dextrose in water, 500 cubic 
centimeters of one-sixth molar lactate, and 300 
cubic centimeters of packed ‘red cells intravenously. 
Urinary output was 1,990 cubic centimeters with a 
specific gravity of 1.010. 

On the following day, the patient’s weight had 
fallen to 136 pounds as compared to a preoperative 
weight of 154 pounds. Oral intake was adequate 
enough so that she required only 1 unit of packed cells 
intravenously. The blood urea nitrogen was 45 milli- 
grams per 100 milliliters, and the creatinine was 7.6 
milligrams per 100 milliliters. The electrolytes were 
normal and the carbon dioxide was 34 milliequiva- 
lents per liter. Urinary output was 1,770 cubic centi- 
meters with a specific gravity of 1.014. 

On the third postoperative day, a regular diet was 
tolerated and the patient was given 2 more units of 
packed red cells. The hemoglobin had risen to 9.0 
grams per 100 milliliters, creatinine was 5.1 milli- 
grams per 100 milliliters, blood urea nitrogen was 34 
milligrams per 100 milliliters, sodium was 143 milli- 
equivalents per liter, potassium was 3.6 milliequiva- 
lents per liter, chloride was 93 milliequivalents per 
liter, and carbon dioxide was 32 milliequivalents per 
liter. Urinary output was 2,380 cubic centimeters 
with a specific gravity of 1.014. 

On the fifth postoperative day, the seventh hospital 
day, the patient was referred to the x-ray therapy 
service where on the following day a course of pallia- 
tive external radiation was begun to the anterior and 
posterior parts of the pelvis. The hemoglobin, elec- 
trolytes, carbon dioxide, blood urea nitrogen, and 
creatinine were normal. The urinary output was 1,240 
cubic centimeters with a specific gravity of 1.015. 

The patient’s general condition continued to im- 
prove steadily throughout the remainder of the 
hospital stay. The caloric intake ranged between 
1,500 and 2,000 calories daily, and she maintained her 
weight between 132 and 134 pounds. The urinary 
output never dropped below 1,000 cubic centimeters 
and the blood urea nitrogen, creatinine, and elec- 
trolytes remained normal. Clinically, the chest 
cleared completely; a roentgenogram of the chest on 
the thirteenth postoperative day showed a normal 
heart, lungs, and mediastinum. 


DISCUSSION 


This patient is characteristic of the 10 to 15 
per cent with far advanced carcinomas of the 
cervix who are seen initially with bilateral 


ureteral obstruction. These patients are usually 
so moribund that treatment appears impossible, 
and this probably accounts for the fact that 60 to 
80 per cent of these patients die of urinary com- 
plications rather than of the cancer. 

Because this patient had received 1 unit of 
blood prior to transfer to our hospital, serum for 
abnormal antibodies was obtained to rule out 
transfusion reaction. When this was reported as 
negative, there was no doubt as to the cause 
of her renal problem. It was obvious at the time 
that unless the urinary stream were diverted, 
death would be imminent within a few days. 

The rising creatinine and potassium levels and 
falling sodium, chloride, and plasma bicarbon- 
ate levels agree with the experimental studies 
of Rush and Randall who report a shift of fluid 
and electrolytes from the extracellular space 
into the cells with resultant extracellular dehy- 
dration, hyponatremia, and hypochloremia and 
intracellular edema, hypernatremia, and hyper- 
chloremia. Gjérup and Thaysen have also 
shown that, in potassium excess, only one-fifth 
of the potassium accumulates extracellularly 
whereas four-fifths accumulates intracellularly, 
so that patients of this type have a huge excess 
of potassium. Our patient showed all of these 
characteristics. 

An immediate extensive operation was con- 
sidered contraindicated because of the patient’s 
poor general condition. Though she was in con- 
gestive failure, digitalis could not be used be- 
cause she was anuric. For the same reason, trans- 
fusions were not indicated, despite the severe 
anemia. Attempt at ureteral catheterization 
failed. She was not considered a candidate for 
the artificial kidney because such an extensive 
carcinoma usually contraindicates its use. She 
met several of the criteria for use of the kidney, 
such as potassium level greater than 7 milli- 
equivalents per liter and toxic signs of uremia, 
but it was thought that with the use of cation 
exchange resins and glucose and insulin injec- 
tions, the potassium could be lowered enough to 
permit operation. One hundred and twenty 
grams of the sodium exchange resin and 200 
cubic centimeters of 50 per cent glucose with 40 
units of regular insulin were given in divided 
doses over an 18 hour period but did not lower 
the potassium, although it possibly prevented a 
further elevation. Calcium intravenously was 
not used because the patient strangely exhibited 
no electrocardiographic aberrations. 
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The use of intestinal irrigation or peritoneal 
lavage was not considered feasible because only 
fair results have been reported from their use 
and because of the complications and difficul- 
ties of the procedures themselves. Nephrostomy 
or ureterostomy were the only two remaining 
considerations. Although a nephrostomy re- 
quires a longer operative procedure, its perma- 
nent nature obviates any further operation, and, 
for this reason, it became the procedure of 
choice. The left nephrostomy performed under 
segmental epidural block was tolerated without 
difficulty. 

The ensuing postoperative course was one of 
remarkable recovery. The patient was able to 
take oral fluids on the first postoperative day 
and subsequently required only blood intra- 
venously. Oral intake, combined with excellent 
urinary output, corrected the electrolyte imbal- 
ance without the extensive use of intravenous 
fluids. At no time did she require supplementary 
potassium. By the fifth postoperative day, the 
blood findings were normal and the patient was 
able to begin a course of external radiation 
therapy. When last seen, 1 month after nephros- 
tomy, she had completed the radiation therapy 
and was carrying on her own activities at home 
without difficulty. 


Patients with similar problems have been re- 
ported to survive for as long as 18 months after 
nephrostomy. Such a survival makes this pro- 
cedure a necessary consideration in all similar 
cases. 


SUMMARY 


Sixty to eighty per cent of patients with car- 
cinoma of the cervix die of urologic complica- 
tions rather than carcinoma. Many of these pa- 
tients can have their lives prolonged for many 
months if the urologic problem is handled satis- 
factorily. A case is presented of a patient with 
stage IV carcinoma of the cervix with bilateral 
ureteral obstruction. After a left nephrostomy, 
she made a remarkable recovery and was able to 
return home to carry on her own activities. With 
survival in similar cases reported up to 18 
months, this procedure is a necessary considera- 
tion in spite of the patient’s otherwise poor 
general condition. 
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PUBLIC INDIGNATION against dishonest politicians 
started Stephen Grover Cleveland toward being 
President of the United States of America, and 
his ability took him the rest of the way. In less 
than 4 years, he rose from a practicing attorney 
to be the President. The facts of his operation for 
a malignant new growth during his second term 
in the Presidency are known only to a few, but 
the details of the financial problem affecting the 
country during this critical period in his life are 
even less familiar. 

Cleveland was a lawyer in Buffalo early in his 
career and became interested in politics as a 
member of the Democratic party (2, 7, 9). In 
1865, he was nominated for the office of District 
Attorney but lost the election. He was successful 
in his bid for the post of Sheriff of Erie County, 
however, in 1870. He performed well, and, at the 
end of his term, returned to his practice and 
became recognized as one of the leaders of the 
bar in the western part of New York. 

In 1881, the city government of Buffalo, con- 
trolled by the Republican party, was corrupt and 
characterized by maladministration and ex- 
travagance. The incumbent party then added 
to the discontent of the public by nominating 
persons of dubious character for Mayor and 
Comptroller. A large segment of the Republican 
party protested these nominations and con- 
vinced the Democratic leaders that bipartisan 
support would assure victory for honest men. 
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Various businessmen refused the offer to run for 
Mayor, and Cleveland accepted only reluctantly. 
Cleveland was 44 years old in 1882, when he 
became Mayor. The new Mayor did not dis- 
appoint those who had voted him into office. 
He provided an honest government and dem- 
onstrated that he was an able administrator. 

Within 6 months, Cleveland was recruiting 
support for the governorship of the State of New 
York. The Democratic leadership wisely ignored 
the wishes of Tammany Hall and nominated 
Cleveland for Governor. His election was almost 
a foregone conclusion. Democrats and Republi- 
cans joined to elect him. Cleveland became the 
Governor in 1883 at the age of 45. 

In Albany, Cleveland solidified his reputation 
for courage, honesty, and common sense. He 
executed the duties of office without regard to 
further political advancement. During his 2 
years as Governor, Cleveland attracted interest 
throughout the country. 

In June 1884, it became apparent that Cleve- 
land would receive the Democratic nomination 
for President. The members of Tammany Hall 
were undeniably hostile to him, but their reac- 
tion aided rather than hindered him throughout 
the country. Cleveland led on the first ballot and 
won the nomination on the second. 

Senator James G. Blaine was the Republican 
candidate. Although the debate was supposed 
to center about national issues, both sides de- 
scended to a bitter comparison of personalities. 
The Democratic party was particularly eager to 
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win since it had not elected a President in 24 
years. 

The election was unusually close and the 
result in doubt for several days. At age 47, 
Cleveland became the President in 1885. Cleve- 
land took seriously the keynote of his inaugural 
address that reform in the administration of the 
government must be undertaken with the ap- 
plication of business principles. 

Cleveland was a bachelor when he entered 
the White House, but, in the spring of 1886, it 
was rumored that he intended to be married 
(9). The rumor became a fact on 2 June, when 
he was married to Miss Frances Folsom, the 
daughter of his old law partner. The bride, at 
23, was the youngest woman ever to become the 
wife of a President, while the bridegroom was 
49, This was the first wedding of a President in 
the White House. Three daughters and two 
sons were subsequently born to the Clevelands. 

Political difficulty was brewing for Cleveland. 
In 1886, the Treasury had a large surplus of 
gold and silver due to a remarkable increase in 
collected revenue. As the surplus expanded, the 
financial situation deteriorated. A reform of the 
tariff was the only acceptable approach to the 
problem by Cleveland. Although he showed an 
impressive political acumen in formulating the 
specific aspects of the bill he envisioned, he per- 
mitted Congress to pass an unsatisfactory meas- 
ure. 

Cleveland was nominated for a second term 
on the first ballot by the Democratic convention 
in 1889. He was opposed in the election by 
Benjamin Harrison, a Republican, who was an 
advocate of a high tariff. The combination of 
Democratic mismanagement and Republican 
efficiency led to the election of Harrison. 

Cleveland moved to New York City and re- 
sumed the practice of law. His legal work was 
routine in nature, but he did have the unique 
experience of being the only ex-President to 
argue before the Supreme Court. Cleveland was 
greatly in demand as a public speaker during 
this period. He kept in the public eye by speak- 
ing before a number of important meetings. 

In 1892, Cleveland was definitely in a recep- 
tive attitude for the nomination for President by 
the Democratic party. He was selected on the 
first ballot. His opponents in the election were 
President Harrison and James B. Weaver, the 
candidate of the People’s Party. Cleveland won 
a decisive victory over Harrison and Weaver. 
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Financial problems have been the concern of 
many administrations but the situation which 
Cleveland found at the beginning of his second 
term was particularly serious (1, 3, 5). The prob- 
lem primarily involved bimetallism which had a 
large number of strong adherents. 

Gold and silver were the only legal tender of 
the United States until the Civil War when 
greenbacks were declared lawful for the payment 
of all private debts. During the war, gold and 
silver largely disappeared from circulation and 
the value of paper money depreciated as the 
amount of such specie gradually increased. 
Paper money, however, became a permanent 
part of the financial structure of the United 
States. 

The gold reserve of the Government origi- 
nated, under an act of Congress passed on 14 
January 1875, with the legislation contemplating 
redemption of the greenbacks. The law also 
provided that the Secretary of the Treasury 
could sell Government bonds to accumulate a 
gold reserve. Only a part of the paper money in 
circulation was redeemed, however, for on 31 
May 1878, Congress passed a law permitting the 
greenbacks to be kept in circulation. 

In 1878, Congress, led by the silver bloc, 
directed the expenditure of between 2 and 4 
million dollars a month by the Secretary of the 
Treasury for the purchase of silver bullion to be 
coined into silver dollars. These silver coins could 
not be redeemed in gold. 

The mischief promulgated by Congress be- 
came pronounced in 1890 when the Sherman 
Act was passed. The purchase of 44% million 
ounces of silver a month at the current market 
price but not to exceed a limit fixed by the 
Secretary of the Treasury was directed by Con- 
gress. To pay for such bullion, Treasury notes 
were issued. Thus, the silver notes were added to 
the greenbacks as demands against the Treasury. 
The multiplication and circulation of Treasury 
notes led to a continuous decrease in the gold re- 
serve. 

A combination of events precipitated the 
financial crisis which occurred shortly after 
Cleveland entered office for the second time. 
The failure of the British banking house of 
Baring Brothers in November 1890 caused 
British investors to unload securities in the United 
States. The payments were made in gold which 
then was taken out of the country. The Mc- 
Kinley Tariff Act of 1890 raised the import 
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duties to such a level that importation was dis- 
couraged, and the revenue previously obtained 
in this manner decreased considerably. A large 
amount of sorely needed money was spent by 
the Government in pensions which had been 
granted by the Republican party under President 
Harrison. These actions effectively disposed of 
the surplus enjoyed by Cleveland during his first 
administration. 

On 5 May 1893, a sharp drop in the value of 
securities occurred at the New York Stock Ex- 
change. The financial situation became acute on 
27 June. Before the end of 1893, 491 banks and 
over 15,000 commercial institutions were re- 
ported to have failed. Before the turning point of 
the panic in 1897, almost one-third of the total 
railroad mileage of the country was in the hands 
of receivers. 

Difficulty of a personal nature was also in 
store for Cleveland at this time (4). On 18 June 
1893, Major Robert M. O’Reilly, who was the 
attending surgeon in Washington, D. C., 
examined a rough spot on the left side of the 
roof of the mouth of Cleveland. The patient said 
that the ulcer had been present since the early 
part of May. A piece of the tumor was removed 
and sent to the Army Medical Museum for 
diagnosis. The microscopic examination of the 
tissue was strongly indicative of cancer. 

Joseph D. Bryant, who had a successful 
medical practice in New York City, was the 
friend and the private surgeon of Cleveland, and 
it was only natural that he was advised of this 
new growth. Bryant came to Washington and, 
after seeing his patient, advised operation. 
Daniel S. Lamont, who was the Secretary of 
War at that time, was told of the course of events. 
Having been intimately associated with the 
President for many years, he was in a good posi- 
tion to further the necessary plan. Cleveland 
decided that the earliest date on which the oper- 
ation could be performed was 1 July. The ar- 
rangements for the procedure were made quickly 
in complete secrecy. 

The New York Times for 1 July carried a dis- 
patch with the date line of Washington, D. C., 
30 June, announcing that Cleveland had de- 
cided at a meeting of the cabinet of that date to 
call a special session of Congress for 7 August 
with the specific object of the meeting being the 
repeal of the Sherman Silver Act to alleviate the 
poor financial condition of the country. An 
article on page 2 of the same paper reported 


that the President had arrived in New York 
City on the preceding evening, 30 June. The 
President looked tired. Bryant met the party in 
Jersey City and took it to the yacht, Oneida, 
which was owned by Commodore Elias C. 
Benedict, another friend of Cleveland. The 
Oneida sailed up the East River and it was pre- 
sumed that the President would have a good 
time fishing in Buzzards Bay. 

The calling of the special session of Congress 
and the departure from Washington, although 
not unexpected, nevertheless occurred with 
unusual abruptness. There was surprise in some 
circles that the President had delayed the as- 
sembling of Congress since the legislators could 
have reached the city well before the appointed 
time. Indeed, the President left some papers un- 
signed and some appointments broken because 
of his precipitous departure. 

Cleveland had assembled his facts and made his 
decision with acumen. He apparently knew he 
would need a certain period for recuperation 
from the operation. He knew, also, that if the 
news of his illness became generally known, the 
financial situation would worsen to a much more 
serious degree. The plan called for his isolation 
for a short time with the full realization that a 
dangerous personal situation could arise during 
this period. 

When the Oneida left the dock in the East 
River, all contact with the press was broken. It 
was supposed that he would arrive at Buzzards 
Bay well before he was actually expected. There 
was some speculation as to what was detaining 
him. The reporters at Gray Gables could report 
nothing on 3 July. Some of the stories hinted at 
familial concern at his prolonged outing. On 4 
July, Mrs. Cleveland called some of the cor- 
respondents together with the purpose of quiet- 
ing this disturbing rumor and stated that the 
President was in good health and might not 
reach there for 2 or 3 days, although he might 
arrive at any time. 

In retrospect, the suspecting individual might 
have curiously regarded 2 items in the New York 
Times of 6 July. The first, from New York City, 
reported that Vice-President Adlai E. Stevenson 
had left Chicago to visit the President and to 
consult with him about questions which might 
come up in the special session of Congress. Mr. 
Stevenson did not get to see the President, and it 
is doubtful if he ever intended to do so. The 
Vice-President knew nothing of the illness of 
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Cleveland. The second item, from Beatrice, 
Nebraska, stated that Mrs. William Hoyt of that 
city, a sister of President Cleveland, was reported 
to have left for the East on that day in response 
to a telegram sent by Mrs. Cleveland summon- 
ing her. 

The President arrived at Gray Gables on 5 
July but did not see any of the reporters. It was 
now generally known that he was sick, and his 
spokesman reported that Cleveland had an at- 
tack of rheumatism which involved the foot and 
knee. Colonel Lamont was quoted as saying that 
the President had had this difficulty for some 
weeks. Joseph Bryant was in attendance of the 
patient. 

Rumors circulated, however, that Cleveland 
was seriously ill and that he, perhaps, had can- 
cer. Bryant stated in rebuttal on 7 July that the 
President was free from cancer or malignant 
growth of any description. Bryant further re- 
marked that the only trouble Cleveland had had 
with his mouth had been caused by an aching 
tooth which had been extracted. The disquieting 
rumors brought a great number of reporters to 
Buzzards Bay. They were told by Lamont on 8 
July that the difficulty of the President was trivial 
in nature, and the story of the infected tooth was 
repeated. Detailed questions were parried by 
the resourceful Lamont. The story which left 
Buzzards Bay was totally reassuring. 

The public was, thus, lulled into security, and 
things moved smoothly at Buzzards Bay where 
Cleveland spent a period of convalescence. The 
healing of the wound was satisfactory for he was 
able to return to Washington on 5 August and 
speak to Congress on 7 August. He subsequently 
returned to Gray Gables for rest and recupera- 
tion. The wound was healed on 1 September. 
The immediate risk of the discovery of the illness 
had apparently disappeared. It was just before 
Cleveland left Buzzards Bay for Washington 
that the story written by Holland of what had 
actually transpired on the Oneida appeared in 
The Press of Philadelphia on 29 August. The re- 
porter wrote that the President was a very sick 
man and that a part of his jaw had been re- 
moved for a disease whose symptoms gave indi- 
cations that it might be a sarcoma. 

The story was denounced in the New York 
Times for 31 August. A number of influential 
men were quoted to the effect that the report was 
false. The newspapers which were editorially 
Democratic considered the whole story an in- 
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famous cancer fake. L. Clarke Davis, Editor of 
the Public Ledger of Philadelphia and an intimate 
friend of Cleveland, published a signed state- 
ment that the report was not true. These rebut- 
tals were supported by the fact that the President 
had opened the special session of Congress on 7 
August without appearance of an external scar 
and ina perfect voice. In general, the story in The 
Press was considered false or, at best, a gross 
exaggeration of the actual fact. 

A group of expert men with diversified talents 
had been assembled to care for the President on 
the Oneida. In addition to O’Reilly and Bryant, 
William W. Keen, a prominent surgeon of 
Philadelphia, and John F. Erdman, Bryant’s 
assistant, who was to become a famous surgeon, 
were also present. Edward G. Janeway of New 
York City was detailed to the medical super- 
vision of Cleveland. Ferdinand Hasbrouck, a 
dentist who was accustomed to giving nitrous 
oxide as an anesthetic agent, provided the anes- 
thesia. 

The lounge of the Oneida was turned into an 
operating room. On 1 July, while the Oneida 
was steaming through the East River at one-half 
speed, the President was anesthetized with 
nitrous oxide by Hasbrouck who then extracted 
the 2 left upper bicuspid teeth. Subsequently, at 
1:14 p.m., ether was administered by O’Reilly. 
Bryant was the surgeon, with Keen acting as the 
first and Erdman as the second assistant. The 
entire left upper jaw was excised from the first 
bicuspid tooth to just beyond the last molar 
tooth and nearly to the midline. The floor of the 
orbit was not involved by the tumor and, there- 
fore, was not removed. A small portion of the 
soft palate was excised. The antrum was filled 
with a gelatinous mass which was removed. Only 
1 blood vessel was ligated. Hemostasis was se- 
cured by pressure, hot water, and, at one point, 
the galvanocautery. The loss of blood amounted 
to probably 6 ounces. The cavity of the antrum 
was packed with gauze. The operation was con- 
cluded at 1:55 p.m. 

The tumor was thought to be a sarcoma. 
William H. Welch, who had also examined the 
tissue removed originally, confirmed the diag- 
nosis. 

Cleveland was out of bed on 2 July. He ap- 
parently was feeling better on 3 July because the 
log of the yacht was signed on that day by 
Grover Cleveland, Daniel Lamont, Joseph D. 
Bryant, and William W. Keen. 
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After the operation, Kasson C. Gibson of New 
York City fitted the President with a prosthesis 
of vulcanized rubber. A better and more com- 
fortable plate was made later by Gibson. 

Bryant was not satisfied with one site in the 
wound. The President boarded the Oneida again, 
and on 17 July Bryant with the assistance of 
Janeway, Erdman, Keen, and O’Reilly re- 
moved all suspicious tissues and cauterized the 
entire surface with the galvanocautery. Again, 
recovery from this procedure was rapid. The log 
was signed by Cleveland, Bryant, and Keen on 
19 July. 

Twenty-four years later, Keen confirmed the 
story of “Holland” or Elisha J. Edwards (4). 
Edwards reported the details of how he obtained 
the story in a dispatch in The Press of 26 Septem- 
ber 1917. 

Edwards, a resident of Greenwich, Connec- 
ticut, was a graduate of Yale University and of 
the Yale Law School. He practiced law only for 
a short time and then became a newspaperman. 

Edwards wrote that he was a warm friend and 
confidant of Leander P. Jones of Greenwich, 
Connecticut, a leading physician of that city and 
the family doctor of Commodore Benedict and 
Andrew Carnegie. While Edwards was on his 
way home one afternoon in August 1893, he was 
stopped by Jones who indicated that he pos- 
sessed important news. Jones said that the nation 
had narrowly escaped having Vice-President 
Stevenson become President as Cleveland had 
had an operation for a tumor. The details were 
related along with the story of how Jones had 
learned the information. Jones stated that one of 
his patients in Greenwich had needed an opera- 
tion and contacted a surgeon of New York City. 
The surgeon recommended nitrous oxide as the 
anesthetic agent. Hasbrouck, an expert in the 
administration of this gas, was called and an ap- 
pointment was made for the meeting in Green- 
wich. Jones and the surgeon waited for Has- 
brouck but he did not appear. After an hour or 
two, they tried to reach him but only learned 
that he had gone away. There was some concern 
about his whereabouts. The operation was post- 
poned until Hasbrouck could appear or until 
some other surgeon-dentist could be employed 
to give the gas. On the following day, Hasbrouck 
sent a telegram from New London, Connecticut, 
stating that he had been unavoidably detained 
for a day or more and that he would then go im- 
mediately to Greenwich. When Hasbrouck 


finally arrived, he said that he had been prac- 
tically marooned on the yacht of Benedict to 
assist in a very important operation upon Cleve- 
land. The story of the operation was related by 
Hasbrouck to offer abundant excuse for his 
failure to keep his appointment. Jones told 
Edwards that he could make such use of the 
story as he chose. Edwards, highly concerned 
not only because the President was the patient 
but also because of the very important silver 
question which remained to be decided, was 
reluctant to use the story without confirmation, 
and he called upon Hasbrouck the next day. 
The dentist verified every detail. Since it was 
evident at that time that Congress would repeal 
the Sherman Silver Act and that the story would 
not harm the nation, Edwards sent his dispatch 
to The Press. 

Cleveland clearly pointed out the fault of the 
Sherman Silver Act and requested its repeal to 
obtain a sound currency in his message to the 
special session of Congress on 7 August. He 
emphasized that the Secretary of the Treasury 
had the option to redeem the silver notes in gold 
or in silver and that the notes could be reissued. 
Because the act declared that it was the estab- 
lished policy of the United States to maintain 
the 2 metals on a parity with each other, the 
action of the Secretary of the Treasury was so 
controlled that he could not refuse to pay in 
gold. If he did, the notes would be discredited 
and would depreciate. 

The House of Representatives repealed the 
act on 28 August and the Senate did the same on 
30 October. On 1 November, the House of 
Representatives accepted the amendments of 
the Senate. The bill was signed by Cleveland on 
the same day to become a law. 

Although this legislation was mandatory to 
stop the continuing abuse of the gold reserve, it 
did not completely alleviate the situation at 
hand. On 17 January 1894, the gold reserve had 
shrunk to less than 70 million dollars. Although 
the Government bought gold to replenish its 
reserve, it was not possible to keep the reserve at 
an adequate amount. The crux of the difficulty 
was the reissue of the Treasury notes, for their 
multiple redemption led to the continuous with- 
drawal of gold from the Treasury. The public re- 
deemed silver notes for gold at the Treasury and 
used this gold to buy bonds bearing interest. 
The Government was in essence selling itself its 
own gold through the medium of public silver 
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and accomplishing this paradoxic task at a loss. 
The aid of Congress was requested by Cleve- 
land in a special message on 28 January 1895. 
He recommended the passage of a law authoriz- 
ing the issue of long term bonds bearing a low 
rate of interest, but the appeal was fruitless. The 
financial situation remained poor but, with the 
help of the bankers, the Government remained 
solvent although in a continuously precarious 
state. The gold reserve subsequently became 
stable. Two hundred and sixty-two million dol- 
lars worth of bonds were issued during this criti- 
cal period, and by their sale Cleveland was able 
to maintain the credit of the United States. 
After his retirement to Princeton, New Jersey, 
Cleveland continued to lead a useful public life. 
At the age of 71, his strength was depleted by 
frequent attacks of gastrointestinal disease com- 
plicated by organic disease of the heart and 
kidneys (6, 8). He died on 24 June 1908, but the 
actual cause of death was not revealed. The 
death certificate is not satisfactory. Cleveland 
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lived for 15 years after removal of the sarcoma of 
the left maxilla. He experienced no further dif- 
ficulty with his mouth. It is fair to assume that 
he was cured of this tumor. 


REFERENCES 


1. CLEVELAND, G. Presidential Problems. P. 281. New 
York: The Century Co., 1904. 

2. Hatuaway, E. V. The Book of American Presidents. 
P. 367. New York and London; Whittlesey House, 
McGraw-Hill Book Co., Inc., 1931. 

3. Huctns, R. Grover Cleveland. P. 94. Washington, 
D. C.: The Anchor-Lee Publishing Co., 1922. 

4. Keen, W. W. The Surgical Operations on President 
Cleveland in 1893. P. 52. Philadelphia: George W. 
Jacobs & Co., 1917. 

5. Lyncu, D. T. Grover Cleveland; a Man Four-Square. 
P. 581. New York: Horace Liveright, Inc., 1932. 

6. McExroy, R. Grover Cleveland; the Man and the 
Statesman. Vol. I, p. 359 and Vol. II, p. 427. New 
York and London: Harper & Bros., 1923. 

7. Merritt, H. S. Bourbon Leader; Grover Cleveland 
and the Democratic Party. P. 224. Boston and Toron- 
to: Little, Brown & Co., 1957. 

8. Nevins, A. Grover Cleveland; a Study in Courage. 
P. 832. New York: Dodd, Mead & Co., 1947. 

9. Smiru, B. W. The Romances of the Presidents. P. 400. 
Boston: Lothrop, Lee & Shepard Co., 1932. 





Reviews of New Books 


Handbook of Physiology. Section 1: Neurophysiology. 
Vol. III. Edited by Joun Fretp, H. W. Macoun, 
and Victor E. Hatt. 524 pages, illustrated. $20.00. 
Washington, D. C.: The American Physiological 
Society, 1960. 


Reviewed by F. RiNALDI 


THE THIRD and last volume of the Section on Neuro- 
physiology of the Handbook of Physiology covers in 3 
groups of articles, the subjects of higher integrative 
functions of the central nervous system, brain circu- 
lation, fluids, and barriers, and the biochemistry of 
the brain. 

As in the preceding 2 volumes, the aim of present- 
ing a comprehensive survey of known facts, concepts, 
and research trends admittedly has been pursued in 
the tradition of the outdated German Handbook. 

The subject matter is divided into chapters, each 
by an authoritative specialist in the field. All chapters 
follow the general plan designed to afford a balanced 
compromise between a concise review of past, recent, 
and current findings and a critical appraisal of what 
is to be considered acquired knowledge and prevailing 
interpretation. 

This method casts aside many of the criteria fol- 
lowed by the old Handbook, such as the ambition for 
encyclopedic thoroughness in listing facts and refer- 
ences, regardless of current opinion as to their im- 
portance and significance, the incorporation of de- 
scriptions of methods and techniques, and the pursuit 
of a rigorous and didactic system of presentation. 
This procedure enhances the usefulness of the book. 

For those who are about to engage in research or 
expand their basic information, this Handbook will 
provide a more than adequate, comprehensive, and 
yet concise introduction. 

For purpose of rapid consultation, a subject index 
is provided at the end of the volume which covers 
the entire section on neurophysiology. 

Volume II is dedicated chiefly to 2 areas of en- 
deavor which are apparently widely separated in 
nature and scope: (1) the study of higher integrative 
functions of the brain such as perception, speech, 
skilled motor function, consciousness, motivation, 
emotion, and learning and (2) the chemical architec- 
ture and the metabolism of the nervous system. This 
juxtaposition is not due to chance but to a carefully 
thought out editorial arrangement which is reflected 
in the spirit of the concluding chapter: “Neurophysi- 
ology; an Integration (Molecules, Neurons and Be- 
havior),”” by Ralph W. Gerard. The extraordinary 
effort expended in this presentation has demonstrated 
the possibility of integrating the diversified informa- 
tion into an organized picture which indicates how 
‘behavior is rooted in the metabolism: of neurons and 
flowers in the great imaginative creations of man- 
kind,” and depicts the human brain as an orderly 
aggregate of living cells and, at the same time, as a 


computing device of amazing, yet economical, com- 
plexity. 


Modern Trends in Cardiac Surgery. Edited by H. R. 
S. Hartey, M.S., F.R.C.S. 282 pages, 79 illustrations, 
$15.00. New York: Paul B. Hoeber, Inc., 1960. 


Reviewed by Hucu E. Witson 


IN PRODUCING THEIR FIRST BOOK on cardiac surgery, 
the British have done masterfully under the Editor- 
ship of H. R. S. Harley and 22 contributors in cover- 
ing the subject. 

The authors of the 22 chapters, almost without 
exception, maintain the English tradition of simple 
explicitness and masterful prose which makes the 
volume not only highly informative but very pleasant 
reading. With few exceptions, the authors have 
avoided the tempting trap of treating the subject 
matter in such a manner that it is outdated prior to 
publication. This accomplishment has been fulfilled 
without the use of generalities that are too broad or 
the elimination of important specific data. Cardiovas- 
cular surgery and its adjuncts are broadly and suc- 
cinctly covered so that this is an ideal volume for the 
student, general practitioner, and internist. It might 
be recommended to the resident who is about to 
begin his training in thoracic and cardiovascular 
surgery. 

In chapter 1, “Historical Introduction,” Robert G. 
Richardson takes a slightly different viewpoint on this 
subject than most American -authors, and it is par- 
ticularly complete and enjoyable reading. This mate- 
rial is followed by an excellent chapter on ‘““Haemo- 
dynamic Alterations in Disease and Their Influence 
on Surgery” by H. R. S. Harley, which could be 
studied profitably by one training in either cardiac 
surgery or cardiology. The chapter on “‘Prostheses in 
Heart Surgery” has come closest to become outdated 
as mentioned previously since most of the material in 
it is now of only historical interest. “‘Problems in the 
Diagnosis and Management of Pulmonary Embolism” 
is good but might have included something more 
about the problems of multiple small pulmonary em- 
boli. “Surgery of Persistent Ductus Arteriosus”’ is ex- 
cellent but, for completeness, it should have contained 
a discussion of the “balanced shunt” problem. Prob- 
ably the least well handled subject is that of “Pulmo- 
nary Stenosis with Normal Aortic Root,” in which 
the impression is given of some lack of firsthand fa- 
miliarity with the problems. The chapter on “Cardiac 
Surgery in the First Year of Life’? could have been 
improved if it had been more specific. The chapters 
on hypothermia, profound hypothermia, and extra- 
corporeal circulation by Ross and Sellick, Melrose, 
and Drew are carefully and fairly written and will be 
as good 10 years from now as they are today. The 
final chapter, ““The Future of Cardiac Surgery” by 
N. R. Barrett concludes this volume with a reasonable 
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but stimulating glimpse into the surgical crystal ball. 

It would seem most unlikely, even with the stature 
of those who contributed to this volume, that one 
book could purvey so much information so pleasantly 
and clearly in so little space on any medical subject 
again. 


Parkinsonism; Its Medical and Surgical Therapy. By 
Irvine S. Cooper, M.D., Ph.D., F.A.C.S. 228 pages, 
111 illustrations. $16.50. Springfield, Ill.: Charles C 
Thomas, 1961. 


Reviewed by NicHoLas WETZEL 


IN THE INTRODUCTION to this volume the author states 
that the purpose of this monograph is to describe 
comprehensively the therapy of parkinsonism based 
upon his experience with 5,000 patients examined and 
on 1,500 operations on the basal ganglia. The mate- 
rial presented in this book is quite naturally slanted 
to surgical therapy of the type developed by the au- 
thor. It offers a good description of the good results 
which can be obtained with surgery, approaching at 
times the character of a testimonial. The difficulties 
of treatment and the complications which can and do 
occur in the treatment of this disease are less clearly 
described. 


Surgical Diseases of the Chest, Edited by Brian BLapEs, 
M.D. 571 pages, 267 illustrations. $22.00. St. Louis: 
The C. V. Mosby Co., 1961. 


Reviewed by Tuomas SHIELDS 


THIs VOLUME, edited by Brian Blades, is smartly 
printed and beautifully illustrated. To obtain the 
proper perspective in utilizing this text one must not 
fail to read the preface. The contributors have been 
excellently chosen, and most have been, and continue 
to be, original investigators in the field but are indi- 
viduals with extensive clinical experience as well. 

No purpose would be served in critically evaluating 
each chapter in detail. Minor errors of omission and 
almost none of commission might be noted, but gen- 
erally the factual material is presented authoritatively. 
The chapters on preoperative and postoperative pa- 
tients, pulmonary tuberculosis, and congenital heart 
disease are especially well written. One of the out- 
standing features noted throughout the text is the list 
of suggested references at the end of each chapter. 
These lists are not only as up-to-date as possible for 
a published textbook but also enumerate many of the 
outstanding early classic contributions to the subject. 

Unfortunately, as a reviewer, one must touch upon 
the shortcomings as well; many of these, repetition, 
chauvinism, and inconsistency in organization and 
extent of coverage of the various topics, are common 
to multiauthored texts despite a vigilant and capable 
editor and are a necessary evil to such an endeavor. 

This text may be recommended for the medical 
student, the resident in training, and the general sur- 
geon but not as the only text in thoracic surgery. It 
should find its most useful place as an adjunct to one 
of the current standard texts on the subject. Unfor- 
tunately a practitioner of the specialty will find often 


that most of the material has been fully covered in 
the recent literature. 


Key and Conwell’s Management of Fractures, Dislo- 
cations, and Sprains. By H. Earte Conwe.t, M.D., 
F.A.C.S., and Frep C. Reynoips, M.D. 7th ed. 1128 
pages, 1227 illustrations. $27.00. St. Louis: The C. V. 
Mosby Co., 1961. 


Reviewed by Witu1am A, LARMON 


THE SEVENTH EDITION of Key and Conwell’s Manage- 
ment of Fractures, Dislocations, and Sprains has a new 
coauthor, Fred C. Reynolds, Professor of Orthope- 
dic Surgery, Washington University School of 
Medicine. This standard reference book on the care 
of fractures, dislocations, and sprains has been revised 
and brought up to date, and some parts have been 
rewritten. It is still the outstanding work that it 
always has been, and the revisions have brought the 
current methods of treatment into focus, although 
the general approach to the subject is that of con- 
servative management. 

The book is divided into two main sections: (1) 
principles and general aspects of treatment and (2) 
diagnosis and treatment of specific injuries. The sec- 
tion on fractures of the jaw and facial bones has been 
rewritten by James Barrett Brown and Minot Fryer, 
and the section on hand injuries has been rewritten 
by Arthur H. Stein, Jr. 

All aspects of conservative and operative manage- 
ment of fractures and dislocations have been reported 
upon. This book will be helpful to orthopedists as 
well as general practitioners of medicine who are occa- 
sionally called upon to treat skeletal injuries. 


Surgery of the Esophagus. By Raymonp W. PostLe- 
THwaitT, M.D., and Witt Camp Seary, M.D. 478 
pages, 200 illustrations. $30.00. Springfield, IIL: 
Charles C Thomas, 1961. 


Reviewed by JosepH E. MAcMANus 


Tue READERS of this book will enjoy a clinical study 
of case material seen by the authors and obtained 
from the records of the Duke University Hospital 
during a 30 year period. This material deals largely 
with those diseases of the esophagus which are ame- 
nable to surgery. While this book is directed, for the 
most part, to surgeons, it will prove valuable to the 
entire medical profession. Its general scope includes 
congenital diseases of the esophagus, neoplasms, for- 
eign bodies and their complications, hiatal hernia 
with its varied and subtle manifestations along with 
the surgical treatment of bleeding varicosities of the 
esophagus, and a review of less common lesions. The 
various chapters serve as monographs on the subjects 
outlined bringing forward, as they do very nicely, a 
history not only of the disease but of its surgical treat- 
ment which gives the background of the development 
of modern surgical techniques for the interested 
reader. 

The addition of a superb bibliography of approxi- 
mately 3,500 references arranged section by section 
and selected from material in more than 3 languages 
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is, perhaps, the most outstanding feature of the 
volume. 

While the authors’ opinions are expressed quite 
frankly, they are not dogmatic, and one learns the 
development of the surgical treatment without being 
given fixed attitudes. Particular care is taken in de- 
scribing surgical approaches, procedures, and com- 
plications. This volume will be helpful to the trained 
surgeon who must deal with these problems but lacks 
wide experience in this area. 

If there is a weakness in the contents it occurs in 
the chapter on varicosities in which there is a struggle 
to compress the basic and often controversial material 
available into a presentation not quite adequate for 
basic completeness. However, in all fairness, it does 
present an adequate summary of the surgical atti- 
tudes in the treatment of esophageal varicosities. A 
noticeable effort is made throughout the volume to 
correlate more recently discovered anatomic and 
physiologic facts with the current diagnostic and 
therapeutic approaches and these are often accom- 
panied by excellent, clear, and convincing illustra- 
tions. Its objectives, scope, and bibliographic support 
are unique and will serve for some time as a superb 
collation of the material now available in this field. 


Advances in Blood Grouping.. By ALEXANDER S. 
Wiener, M.D., F.A.C.P. 539 pages, illustrated. $11.00. 
New York: Grune & Stratton, 1961. 


Reviewed by Paut I. Hoxwortu and Jutia M. Mann 


THERE IS HARDLY AN AREA of medical practice that 
is not at some time in contact with the field of im- 
munohematology, particularly the division involved 
with the selection of blood for transfusion. The 
plethora of articles and textbooks relative to the prin- 
ciples of blood group serology and problems of com- 
patible transfusions is often contradictory and con- 
fusing. 

Through a collection of papers published under 
the title Advances in Blood Grouping, A. S. Wiener and 
his collaborators have endeavored to present the 
progress of the knowledge and techniques of hemo- 
therapy in a logical and orderly manner. Beginning 
with a historical review of the earlier investigations 
of blood factors, the author presents the serologic and 
genetic basis for the identification of the Rh-Hr types 
found in man. The complexities of the terminology 
used in reference to the Rh-Hr system, undoubtedly, 
have been responsible for much of the confusion re- 
garding the function of this important system. The 
nomenclature of Wiener and that of Fisher and Race 
are discussed and compared. The differences between 
the two terminologies cannot be regarded solely as a 
difference in semantics but require expert knowledge 
in interpreting serologic reactions and applying the 
results to genetic principles. 

The chore of bringing to the reader theories and 
techniques applicable to every aspect of blood group- 
ing technology has been undertaken by the author. 
Many chapters will be of value to those having spe- 
cialized interests, such as the medicolegal applica- 
tions of blood grouping tests, the role of a cross-react- 
ing antibody in the pathogenesis of A, B, O hemolytic 


disease of the newborn, and the application of the 
gamma globulin inhibition test as an aid in diag. 
nosing agammaglobulinemia. 

Some of the newer factors involved in blood group 
isosensitization are discussed with illustrative cases 
related to the identification of the antibodies, their 
clinical significance, and the treatment prescribed for 
the patient. The problems encountered in the man- 
agement of erythroblastosis fetalis are reviewed. 
Criteria for exchange transfusions are given, and the 
radial artery-saphenous vein technique of exchange 
is discussed and recommended. 

Each paper that Wiener has presented in this 
collection emphasizes that workers in the field of 
immunohematology must develop a fundamental 
knowledge of blood group serology and a skill in the 
performance of the required tests. The responsibility 
of blood grouping and crossmatching should not be 
delegated to disinterested persons. The physician 
should be aware of the many hazards to the patient 
which may be associated with the ordering of a blood 
transfusion. 


Surgery of the Acute Abdomen. By Joun A. Sueperp, 
V.R.D., M.D., Ch.M. (St. And.), F.R.C.S. (Ed.), 
F.R.C.S. (Eng.), Q.H.S. 1210 pages, 43 illustrations, 
$18.50. Baltimore: The Williams & Wilkins Co., 1961. 


Reviewed by Invinc F. ENQuist 


TuIs VOLUME is to be valued particularly by senior 
surgical house officers and by newly qualified sur- 
geons because they are responsible for performing 
most emergency laparotomies in this country today. 

The author has presented a very personal, com- 
plete treatment of emergency abdominal surgery 
but does exclude neonatal, vascular, and war wound 
problems. His experience in the fields about which 
he writes is extensive, and this personal documen- 
tation is beneficial to the publication itself. He has 
very honestly presented his results in the manage- 
ment of all problems encountered, the failures as well 
as the successes. The style of writing is clear and 
pleasant, the printing and general arrangement of 
the book make for easy reading, and the bibliography 
at the end of each chapter is sufficient without being 
exhaustive. One might challenge the wisdom of de- 
voting so much space to rarities, but the author justi- 
fies this in order to present a complete treatise. The 
greater portion of the book is devoted to gastroin- 
testinal problems. 

For all general surgical house officers and all young 
surgeons handling a volume of acute abdominal cases, 
this book is recommended reading; for others it will 
serve as an excellent reference. 


An Atlas of Bronchoscopy. By A. Huzty, M.D. 95 
pages, 180 illustrations. $12.50. New York and Lon- 
don: Grune & Stratton, Inc., 1960. 


Reviewed by COLEMAN J. CONNOLLY 


THE AUTHOR OF An Atlas of Bronchoscopy is a surgeon 
and a bronchoscopist. This fascinating little book is 
divided into two parts. In the first part there is a 
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discussion of the technique of bronchoscopy and of 
bronchial photography, and also a description of the 
plates. The second part is the atlas which contains 
30 plates consisting of 6 illustrations each. Its 95 pages 
cover the field of bronchology very well. ; 

The first part consists of 33 pages and is filled with 
concise details about bronchoscopy, anatomy, and 
photography. In 21 paragraphs, the diseases found 
at bronchoscopy are fairly adequately outlined. Each 
paragraph elucidates one lesion without referring to 
the plate and illustration by number. This arrange- 
ment allows for smooth continuity of thought. The 
marginal notes refer the reader to the plates. In turn, 
the plates have 6 illustrations and an adjoining page 
of separate discussion with annotation to the text. 
Following is an excerpt on Boeck’s sarcoid: “The 
majority of cases show (a) changes of vascular mark- 
ings and (b) mucosal changes. In my experience very 
typical vascular markings are present in a high per- 
centage, justifying the presumptive diagnosis of 
Boeck’s at first sight. Bunches of typically parallel, 
fine vessels are seen coursing diagonally across the 
cartilaginous rings ... Such mucosal changes are 
found (a) in the form a uniformly thick, coarse pale 
yellowish-grey mucosa; (b) in form identical with the 
sclerosing tracheobronchopathy . . . (c) as flat, yellow 
plaques ... (d) in the form of pointed, small, pale 
whitish-yellow warts, resembling a condyloma ... ” 

In part two, which contains the 30 plates, there 
appears to be a great deficiency. It is disappointing to 
find such poor reproductions of the colored slides as 
well as of the black and white illustrations. However, 
the expert bronchoscopist can still find the plates of 
value. 

This volume is not recommended for the novice 
but for the experienced bronchoscopist, especially if 
he performs pulmonary surgery. Many points are 
stressed, such as adenoma of the bronchus, bronchial 
wall collapse, and nonspecific inflammation, which 
will upset the reader. In the translation from the 
German, many errors in spelling and numerous awk- 
ward phrases resulted. However, it is enjoyable to 
read a volume on endoscopy by the Chief of both 
thoracic surgery and bronchology at the Sanatorium 
Schillerhéhe, Stuttgart, Germany. 


Neuroradiology Workshop. Volume I: Scalp, Skull, 
and Meninges. By Leo M. Davivorr, M.D., HaRoLp 
G. Jacosson, M.D., and Harry M. ZimmerMAN, M.D. 
251 pages, 89 illustrations. $16.50. New York and 
London: Grune & Stratton, Inc., 1961. 


Reviewed by NicHoLAS WETZEL 


Tus voLumE, the first in a series, is based upon the 
weekly neuroradiology conferences at the Montefiore 
Hospital in New York. The book covers the radiology 
of the scalp, skull, and meninges. The material is 
presented much as the conference is evolved with the 
history of the individual cases being given, followed 
by a demonstration of the film, and then the com- 
ments by various attending physicians, surgeons, 
radiologists, pathologists, and guests. There is also a 
brief review of the history of neuroradiology and a 
discussion of the various radiologic procedures. The 


book certainly contains a wealth of interesting in- 
formative material, and its style makes for easy read- 
ing. Rapid serial angiography would seem to be the 
favorite diagnostic procedure of this group, and there 
is littlke mention of the newer methods, such as frac- 
tional pneumoencephalography, positive contrast 
ventriculography, and a study of the various arach- 
noid cisterns. Although there is an adequate index 
and the various disease entities are well grouped, it 
might be somewhat more difficult than usual to find 
a particular bit of knowledge than if the book had been 
presented in a more conventional manner. However, 
this deficiency is balanced by the interesting case re- 
ports. The printing and reproduction of the films are 
of high quality, an important consideration in a book 
such as this. 


The Human Cerebellum; an Atlas of Gross Topog- 
raphy in Serial Sections, By Jay B. ANcEvinE, Jr., 
Ph.D., Exrtiorr L. Mancatrt, M.D., and Paut I. 
YarKOLev, M.D. 138 pages, 75 illustrations. Boston: 
Little, Brown & Co., 1961. 


Reviewed by NioHoLas WETZEL 


THis Is A BEAUTIFUL BOOK on the human cerebellum 
with reproductions far better than are usually seen 
in this country. It should be of great value not only 
to the neuropathologist and neurologist but also to the 
neurosurgeon and neuroanatomist. Of particular 
value are a series of 24 different line drawings of the 
various systems of cerebellar nomenclature from that 
of Stilling in 1864 to the Nomina Anatomica Parisiensia 
of 1954 and the recent variations of Larsell in 1959. 
The tremendous variation in nomenclature among 
the several disciplines concerned with the cerebellum 
seem to the uninitiated almost as if they were dealing 
with different languages. For this reason alone, the 
book could be highly recommended in that it enables 
the newcomer to the literature of the cerebellum to 
thread his way about without a feeling of complete 
frustration. There are also suggestions for standard 
methods of study of the cerebellum as well as special 
methods to study better particular aspects of cere- 
bellar disease. This book should be of great value for 
a long time. 


Roentgenology of Intracranial Meningiomas. By 
Smwwney P. Traus, M.D. 222 pages, 273 illustrations. 
$14.00. Springfield, Ill.: Charles C Thomas, 1961. 


Reviewed by W1i1aM E. BuNDESEN 


A RADIOLOGIST’s careful analysis of 170 proved cases 
of meningioma and his review of the literature form 
the basis for the monograph, Roentgenology of Intra- 
cranial Meningiomas, which was prepared especially for 
roentgenologists, neurologists, and neurosurgeons in 
the hope of provoking earlier “suspicion and de- 
tection” of this benign tumor which made up between 
12 and 19 per cent of total tumors in the larger series 
studied. 

The changes seen on air studies and angiograms 
have been included from the correlative standpoint, 
but the author’s chief intent has been an appreciation 
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of the roentgenographic changes of the skull on plain 
films, because “... skull roentgenograms are avail- 
able wherever radiology is practiced”... and... 
“88 per cent of the patients in this series showed some 
important abnormal changes on skull roentgeno- 
grams, and almost 35 per cent showed specific change 
which was very suggestive of meningioma.” 

The nonspecific changes mentioned were erosion 
of the dorsum sellae and displacement of physiologic 
calcifications of the choroid plexus and pineal gland. 
The specific changes suggestive of meningioma are 
given as hyperostosis, abnormal bone vascularity, 
bone destruction with or without bone infiltration, 
and tumor calcification. The author infers that an 
awareness of these findings has not been exploited 
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BODY FLUID DISTURBANCE RESULTING FROM PYLORIC DYSFUNCTION—A Correction. 


IN THE ARTICLE entitled “Body Fluid Disturbance Resulting from Pyloric Dysfunction” by L. P. Le Quesne 
which appeared in the July 1961 issue of the Journal, an editorial deletion of the words “we think” was made 
in the sentence on page 6, line 26, right-hand column, which should have read: ‘“The whole notion of a com- 
pensatory reaction implies that the organ or system in question is attempting to solve or to react to the prob- 
lem with which we think it should be concerned, whereas in fact it may be responding to an entirely different 


stimulus.” 








Fic. 1. Immediately be- 
fore injection of saline and 
then air into lymph node. 


Fic. 2. Air beginning to 
enter the internal jugular 
vein without evidence of 
transmission through com- 
municating veins. 


Fic. 3. Further replace- 
ment of blood by air in 
internal jugular vein. Min- 
imal amount of air visible 
in communicating veins. 


Fic. 4. Continued in- 
crease in air content of 
internal jugular vein. Un- 
mistakable evidence of air 
in communicating venous 
channels. 


Fic. 5. Air—and proba- 
bly saline—almost com- 
pletely filling internal jug- 
ular vein. 


Fic. 6. Blood complete- 
ly displaced by air. Note 
absence of air in visible 
communicating channels. 


Fic. 6. 


Stages of entrance of air—and probably saline—directly into veins following injection into an 
adjacent lymph node: A, cervical lymph node; B, small communicating vein; C, internal jugular 
vein; D, efferent lymph channel; and £, injection of saline followed by injection of air directly into 
lymph node. 


Experimental Evidence of Direct Communications Between Lymph Nodes 
and Veins.— Joel Fay Pressman and Mildred Burtz Simon. 
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